
R E P O R T  NO. P66-66 
H A C  REFERENCE N O .  A 8 2 3 2  

HIGH-GAIN, SELF-STEERING ANTENNA SYSTEM 
ENGiNEERlNG MODEL--DESIGN REPORT 

M A R C H  1960 
N A S  5-1O!CI 

COMMUNI CATIONS ZESEARCH BRANCH 
CODE 733 
G03DARG SPACE FLIGHT CENTER 
GREENBELT, MARYLAND 

BY 

R.A. BlRGENHEiER 
C.LEW 

A E R O S P A C E  G R O U P  
RESEARCH PlND D E V E L O P M E N T  D l V I S I O W  

I I 
I I 
I I 
I f 
! HUGHES I I 

I 

H U G H E S  A i R C R A F T  C O M P A N Y  
C U L V E R  C I T Y ,  C A L I F O R N I A  



R E P O R T  N O .  P66- -68  

Design Reoiew Report 

for 

HIGH-GAIN, SELF-STEERING ANTENNA SYSTEM 
ENGINEERING MODEL 

MARCH 1966 

CONTRACT NO.: NAS 5-10101 

PREPARED BY 

R. A. BIRGENHEIER AND C. LEW 
R E S E A R C H  A N D  D E V E L O P M E N T  D I V I S I O N  

H U G H E S  A I R C R A F T  C O M P A N Y  
C U L V E R  C I T Y ,  C A L I F O R N I A  

FOR 
GODDARD SPACE FLIGHT CENTER 
COMMUNICATIONS RESEARCH BRANCH 
CODE 733 
GREENBELT,  MARYLAND 
L. IPPOLITO, TECHNICAL OFFICER 

A P P R O V E D :  

W. H. K U M M E R .  

P R O J E C T  M A N A G E R  



ACKNOWLEDGMENTS 

Contr ibutors  to the Design Repor t  w e r e  

personnel  f r o m  the Antenna Department  and the 

Space Electronics  Department of the Hughes 

R e s e a r c h  and Development Division. 

ing people contributed: M. Delzell,  T .  s. Fong, 
J .  Howard, W .  H. Kummer ,  F. A.  Meyer ,  and 

C. R. White. 

The follow- 

i i i  



CONTENTS 

Page  

. 

1 . 0  INTRODUCTION 

1.1 Self-phasing Sys tem 

1.2 Charac te r i s t ics  of Antenna Sys tem 

1. 3 Design Objectives . 
1.4 Organization of Report  . 

2.0 SYSTEM DESIGN 

2.1 Description of Operation . 
2 . 2  Alternative Approaches . 
2 .3  Attitude Readout Considerations . 
2.4 Dynamic Range . 

3.0 SIGNAL AND NOISE LEVELS . 
3.1 Signal and Noise Calculations . 
3.2 Summary  Table  . 

4 . 0  ANTENNA ELEMENT AND ARRAY DESIGN 

4.1 Element  Considerations . 
4 .2  Antenna Gain Statistics . 

5 . 0  ANTENNA SYSTEM ELECTRONICS 

5 .1  High-Pass  Filter (Number 1) . 
5.2  First Mixer  (Number 2)  . 
5.3 64-Way Power  Divider (Number 3 )  . 
5 .4  Microwave Local  Osci l la tors  (Number 4) . 
5. 5 Wide-Band Preamplifier and Tr ip l exe r  

(Number 5)  . 
5.6 Pilot  P rocess ing  (Number 6 )  . 
5.7  Wide-Band Mixers  (Number 7) 

5 . 8  64-Input S u m m e r  (Number 8)  . 
5.9 I-F Amplif ier  (Number 9)  . 
5.10 Up-Converters ,  Band-Pass F i l t e r ,  Two-way 

5 .11  Traveling-Wave Tube (Number 11) . 
Power Divider (Number 10) . 

5 

5 

14 

19 

22 

25 

26 

29 

31 

31 

33 

41 

41 

43 

44 

46 

47 

48 

53 

54 

54 

55 

58 

V 



5. 12 Signal Power Divider (Number 12)  . 59 
5.13 High-Level Mixers  (Number 13) . . 60 

5. 14 Transmi t t ing  Diplexer (Number 14) . . 61 

5.16 Power  Requirements  . 62 

5.15 Attitude Read-Out (Number 15)  . . 62 

6 . 0  ELECTRONICS PACKAGING AND STRUCTURE . . 65 
6 .  1 Layouts f o r  Packaging . . 65  
6 . 2  Weight Estimates . 65 

6. 3 Construction Techniques . 66 

. 

vi  



ILLUSTRATIONS 

Figure  

2-1 

2-2 

2-3 

2-4 

2- 5 

4- 1 

4-2 

4-3 

4-4 

6- 1 

6-2 

6- 3 

6-4 

6-5 

6-6 

Integrated s y s t e m  block d i ag ram . 
Dual s y s t e m  block d iagram . 
Attitude read-out block d iagram . 
Arrangement  of e lements  and angles 
determined for attitude read-out . 
Attitude read-out voltage f o r  angle Bi . 
Arrangement  of e lements  of 
64-element c i r cu la r ly  polarized a r r a y  . 
Assumed element factor of c i r cu la r  a r r a y  

Calculated radiation pa t te rns  for c i r cu la r  
a r r a y  for  var ious scan  angles with and 
without element factor.  

Radiation pa t te rn  of 8-by-8 planar  a r r a y  
at a 15-degree scan  angle with element  
factor  included and a n  interelement  
spacing of 2. 25 X . 
I-f module layout for  integrated s y s t e m  
engineering model . 
Receiving antenna layout f o r  integrated 
s y s t e m  engineering model . 
Transmit t ing antenna layout for  integrated 
sys t em engineering model . 
Main 3 2- e lement  c i rcui t  rack  layout showing 
traveling-wave tubes and assoc ia ted  c i r cu i t ry  
for  integrated s y s t e m  engineering model . 
Integrated s y s t e m  side-view layout showing 
bas ic  units with circui t ry ,  cable connections, 
and cable a c c e s s  ways. 

Dual- channel a l ternat ive s ys t e m  
configuration layout . 

Page  

7 

9 
20 

20 

21 

34 

34 

35 

37 

67  

69 

71 

73 

75 

77 

vi i 



1.0 INTRODUCTION 
- -  

Previous studies and implementation of self-s teer ing 

a r r a y s  have shown that high-gain antennas of this type a r e  

feasible  fo r  application to satell i te communications". The 

improvement  in antenna gain these a r r a y s  r ep resen t ,  and the 

result ing improvement in  effective radiated power,  can be l a rge  

when compared with antennas used on present-day communica- 

tion satel l i tes .  

achieved with these antennas. 

Many other system improvements  can also be 

The present  program provides a logical t ransi t ion between 

the feasibil i ty models of the previous program and flight hard-  

w a r e  for  future  applied technological satell i tes.  

engineering model  suitable fo r  tes t s  in a labora tory  environment 

will  be designed, fabricated,  tes ted,  and evaluated during the 

course  of this program. Components in this model not readi ly  

capable of being space-qualified will  be specifically identified. 

A self-phasing 

1.1 SELF-PHASING SYSTEM 

Of the beam-steer ing techniques studied in the e a r l i e r  

program,  the self-phasing a r r ays  appear  to have the mos t  

promise  for  future applications because they can fulfill the 

requi rements  f o r  many ear th-  satell i te and sa t  e llit e - sat e llit e 

miss ions .  

of this  type and includes the appropriate  t rade-offs  that  have 

been made  to obtain the des i red  objectives.  

ations included trade-offs necessary  to minimize the number of 

This repor t  covers  the design of one engineering model 

Design consider-  

J, *"Spacecraft Antenna Systems (Contract NAS 5- 3545): 
In t e r im  Engineering Report  (Phase I - Fina l  Report) ,  
W. H. Kummer  and A. T. Villeneuve, Report  No. P65-35 and 
F i n a l  Engineering Report ,  W. H. Kummer  and R. A. Birgenheier ,  
Report  No. P66- , Hughes Aircraf t  Company, Culver City, 
California.  
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components, number  of a r r a y  elements ,  modules ,  radiated 

power p e r  module, and p r i m a r y  power requi rements .  
+ .  

A self-phasing antenna sys t em automatically f o r m s  a high- 

gain beaT. sr, r sce ive  to  receive a signal with a wide-modulation 

band. A narrow-band c-w pilot signal is used  to  provide an  

appropriately phased local osci l la tor  f o r  each  element  with which 

the phase of the modulation i s  adjusted to  be equal in a l l  the 

elements.  The modulation, at i - f ,  f r o m  each ckannei (e lement)  

i s  summed,  amplified, converted t o  r-f, amplil ied a t  r - f  i n  a 

traveling-wave tube amplif ier ,  and then dis t r ibuted t o  each  

transmitt ing element  f o r  re t ransmiss ion .  

A station that des i r e s  to rece ive  information r e t r a n s -  

mitted by a spacecraf t  sends up a c-w transmit t ing pilot signal 

i n  the up-link band. 

antenna channels and down-converted along with the receiving 

modulation and receiving pilot which have been sent  f r o m  an 

ear th  transmitt ing station. 

f i l tered off and sent  to a t ransmit t ing channel. In the t r a n s -  

mitting module, i t  is mixed with the information to obtain a t  

each transmitt ing e lement  the modulated r-f with the appropriate  

phase necessary  to r e tu rn  it i n  the direct ion f r o m  which the 

transmitt ing pilot came. If r-f amplif iers  a r e  available at the 

frequencies involved, the inclusion a t  each  antenna e lement  i n  

the transmitt ing antenna would considerably improve  the 

efficiency and performance of the sys tem.  

This pilot i s  received in the receiving 

The t ransmit t ing pilot is then 

Separate antennas a r e  u s e d  for  receiving and t ransmi t t ing ;  

these antennas a r e  identical except  that they a r e  scaled by the 

ra t io  of the t ransmit t ing frequency t o  the t ransmi t t ing  pilot. 

This  design se rves  to  keep all up-link s ignals  i n  the up-link 

band. If the t ransmit t ing pilot w e r e  allowed i n  the down- 

link band, the s a m e  antenna could be  used  fo r  both t r a n s -  

mitting and receiving. 

2 



1.2 CHARACTERISTICS OF ANTENNA SYSTEM 

1.2.1 

Receiving frequency 

Transmit t ing frequency 

Tot a1 bandwidth Two 125 MHz information 
channels with a minimum 
guard band of 100 MHz 

8.00 GHz 3~0.175 GHz 

7.30 GHz *0.175 GHz 

Polar  iz  at ion C i rcu la r  s o  that a ground 
station s imi l a r ly  equipped 
can receive and t ransmi twi th-  
out changing sense  of 
polarization 

1.2.2 Receiving and Transmiss ion  Functions 

The sys t em wil l  be capable of accepting and r e t r ans -  

mitt ing wide-band FM. 

1.3 DESIGN OBJECTIVES 

The design of the self-s teered a r r a y  is based on applica- 

t ion to a gravity-gradient oriented and stabil ized satel l i te  i n  

synchronous o rb i t  with a cone angle of 30 degrees  to allow fo r  

uncertainty in  the altitude of the spacecraf t .  

and receiving portions will  s t ee r  appropriate  beams along 

a r b i t r a r y  direct ions within that cone. 

wil l  be provided, and four independent beams will  be s teered.  

The t ransmiss ion  

Two independent channels 

A minimum gain of 30 db will  be the objective i n  receiving 

and 25 dbw of effective radiated power will be the objective on 

transmit. 

osc i l la tor  wil l  be 110 pounds as an objective. 

The weight exclusive of power supplies and r-f local  

Attitude readouts will be provided, however,  no t e l eme t ry  

functions wil l  be included. 

3 



1.4 ORGANIZATION O F  REPORT 

The operation of the engineering model is descr ibed  in  

detail in Section 2 of this report .  

ation o i  both sys t em configurations that evolved f r o m  the design 

phase a r e  basically the s a m e ,  only the operation of the design 

selected i s  descr ibed,  

tions relay for two separa te  communications channels,  each of 

which operates  identically. 

ation is res t r ic ted  t o  cjne chaniiei, 

Since the principles of ope r -  

This sys t em will s e r v e  a s  a communica-  

The description of the s y s t e m  ope r -  

Section 2 a lso presents  a discussion of the weight, cos t ,  

and packaging problems that w e r e  involved in the s tudies  of the 

two configurations. 

selected sys tem a r e  presented,  and l imitations inherent  in the 

dynamic range of the sys t em a r e  given. 

Attitude read-out considerat ions of the 

The signal and noise  calculations and a table of the signal 

and noise levels throughout the engineering model  s y s t e m  a r e  

given in Section 3 .  

design problems and the antenna gain s t a t i s t i c s  appea r s  in 

Section 4. 

A discussion of antenna e lements  and a r r a y  

A specific description of e lectronics  of the engineering 

model i s  presented in Section 5 with the aid of a numbered  

block diagram. Major components of the e lec t ronics  sys t em 

a r e  indicated, and the specifications establ ished f o r  each  a r e  

presented. 

Detailed packaging and construction considerat ions 

involved in  the design of each of the two s y s t e m  configurations 

a r e  presented in Section 6. 
program plan. 

Section 7 contains the projected 

4 



2.0 SYSTEM DESIGN 

Two approaches to the high-gain antenna sys t em evolved 

They during the design phase and were  each studied in detai l .  

differ mainly in the implementation of the rece iver  front end. 

The design selected for the engineering model  i s  called the 

integrated sys t em and i s  shown in the block d i ag ram of 

Figure 2- 1. 

which c a r r i e s  the combined signals of the two communication 

channels unti l  sufficient amplification has taken place to permi t  

channel separat ion.  

tive approach, the dual sys t em shown in Figure 2-2,  in which 

channel splitting i s  done immediately a t  the rece iver  input with 

a microwave diplexer .  

The sys tem util izes a wide-band r ece ive r  front end 

This sys t em is contrasted with the a l t e rna -  

2.1 DESCRIPTION O F  OPERATION 

The principles of operation of the two sys t em configu- 

ra t ions which evolved f rom the design phase of the program a r e  

basically the same ;  therefore ,  only the integrated sys t em design 

selected for  the engineering model i s  discussed in detai l .  

numbers  re ferenced  in the text indicate the appropriate  com- 

ponent on the sys t em d iag ram of F igure  2- 1. 

The 

The sys t em i s  designed to s e r v e  a s  a communications 

re lay  for two independent communications channels,  each with a 

bandwidth of 125 MHz. The frequencies allotted to each channel 

and the pilot signal frequencies a r e  shown in Figure 2-1. Since 

the operation of both communication channels i s  identical, only 

that of Channel A i s  descr ibed.  

5 
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2.1.1 Initial Reception 

The receiving element  rece ives  an information signal a t  

frequencies f r o m  7.825 GHs to 7.950 GHz, a t ransmit t ing pilot 

a t  8.001 GHz, and a receiving pilot a t  7 .999  GHz. 

signals pass  through a high-pass f i l ter  (No.  1) which i s  designed 

to pass the des i r ed  received s ignal  and re jec t  any s ignals  f r o m  

the transmitt ing antenna which m a y  sa tura te  the f i r s t  mixe r  

(No.  2) o r  which m a y  mix  with the incoming signal t o  prodzce 

new frequency components ( c ros s  -products)  that would pass  

through the wide-band preamplif ier  (No.  5) of the sys tem.  

These  

Following the high-pass f i l ter  ( N o .  1) the signal is mixed 

in  the f i r s t  mixe r  (No.  2) with a local  osci l la tor  (frequency 

8.625 GHz) to produce the f i r s t  i - f  f requencies  of 675 MHz to 

8 0 0  MHz for  the information signal, 624 MHz f o r  the t r ansmi t -  

t ing pilot, and 626 MHz f o r  the receiving pilot. These  s ignals  

then pass  through the  wide-band i - f  p reampl i f ie r  and t r ip l exe r  

(No. 5 )  which sepa ra t e s  the two information channels (A and B )  

and the pilot signals.  Since the first local osci l la tor  (No. 4)  i s  

at a frequency higher  than that of the incoming s ignals ,  the 

sense  of the relative phase angles  of a l l  the  incoming s ignals  

f o r  the 64 elements  are  r eve r sed .  

2. 1 . 2  Pilot  Signals 

Since pilot signal process ing  f o r  all 64 e lements  is  identi-  

cal ,  the pilot signals of only one element  wil l  be considered.  

At the first pilot mixe r  (No. 6A), the pilot s ignals  a r e  mixed 

with a local osci l la tor  frequency of 613 MHz t o  produce the 

second pilot i - f  f requencies  of 11 MHz f o r  the  t ransmi t t ing  

pilot and 13 MHz fo r  the receiving pilot. 

be a t  a very  low frequency t o  pe rmi t  the  u s e  of v e r y  nar row-  

band i - f  f i l t e rs  so  that the  noise  in  the pilot channels is reduced 

t o  a tolerable level with r e spec t  to  the pilot signal.  

The  pilot i - f ' s  mus t  

6 
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Afte r  the f i r s t  pilot i-f mixer ,  a l l  the pilot signals a r e  

aiiiplified by a common pilot i-f amplifier (No .  6B). 

of this pilot i - f  amplif ier  i s  then directed to the quadraplexer  

(No.  6B),  which consis ts  of four very narrow-band i-f f i l t e rs .  

These  sepa ra t e  the  pilot signals and es tab l i sh  the noise band- 

width of the pilot channels. 

to re jec t  the  unwanted harmonics  which a r e  present  at the 

output of the first pilot mixer .  

The output 

The narrow-band f i l t e rs  a l so  s e r v e  

Following the output of the quadraplexer (No. 6B), the 

pilot i - f  frequencies a r e  up-converted and mixed with the infor -  

mation s ignals .  

l eas t  equal to  the bandwidth of the information signal to prevent 

overlap of the information power spec t rum when the pilot and 

information signals a r e  mixed. 

a r e  about 210 MHz to provide about 85 MHz separat ion between 

the modulated information signal going into the high-level 

m i x e r s  (No. 13) and the upper sideband produced by the mixe r .  

This  separat ion i s  necessa ry  to permit  selection of only the 

des i r ed  sideband by the diplexer  (No. 14). These third i - f  pilot 

frequencies a r e  produced when each pilot signal a t  the output of 

the quadraplexer  (No.  6B) i s  directed to a separa te  mixer  

(No. 6C) in which i t  i s  mixed with a local osci l la tor  frequency of 

197 MHz. 

The frequency of the pilot signals must  be a t  

The third pilot i-f frequencies 

F o r  the transmitt ing pilot, the third pilot i - f  frequency is 

208 MHz and for  the receiving pilot, 210 MHz. 

are  then directed to the final pilot i - f  amplif iers  (No. 6D) which 

s e r v e  to amplify the pilot 's signal to the levels required for  

mixing with the information signals.  These  ampl i f ie rs  a l so  

r e j e c t  the unwanted spec t r a l  lines which have a spacing equal to 

the second pilot i-f frequencies.  

These signals 
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2.1.3 Information Signals 

Since the f i r s t  pilot local osci l la tor  is below the f i r s t  pilot 

i - f  frequency and the second pilot local osci l la tor  s e r v e s  to up- 

convert  the pilot i - f  frequency, the sense  of the phase angles of 

a l l  the pilot signals a t  the output of the final pilot i - f  ampl i f ie rs  

is now the r e v e r s e  of what i t  was a t  the antenna element  (not 

considering phase shifts,  which a r e  common for  a l l  e lements ) .  

Therefore ,  the receiving pilot has  the same phase angle a s  the 

information s i g n a l  a t  the wide-hand mixer (Nu.  7 ) .  

mation signal and receiving pilot a r e  mixed by the wide-band 

mixer .  

angle of the information signal will  be independent of the incom- 

ing phase angle.  

antenna sys tem;  therefore ,  the information signals a t  the outputs 

of the 64 wide-band m i x e r s  (No.  7 )  fo r  a channel of the s y s t e m  

a r e  in phase.  These 64 information s ignals ,  which a r e  a t  f r e -  

quencies of f r o m  465 MHz to  590 MHz, a r e  added together  in 

a 64-input s u m m e r  (No. 8).  

receiving a r r a y  gain is  real ized.  

The i n f u r -  

The difference frequency is selected s o  that the phase 

This mixing is done for  each  element  of the 

It is  at this point that  t he  

The output of the 64-input s u m m e r  is  d i rec ted  to the infor-  

mation i - f  amplif ier  which has a gain of 58.3 db  and s e r v e s  as a 

band-pass f i l t e r  to se lec t  the d e s i r e d  pa r t  of the power s p e c t r u m  

f r o m  the 64-input s u m m e r .  Following this ampl i f ie r ,  the s ignal  

is mixed with a local osci l la tor  f requency of 7 .507  GHz (No.  4) 

and the lower side band selected by a band-pass  f i l ter  (No.  10) to 

up-convert  the information signal t o  a band covering 6.  917 CHz t o  

7.042 GHz .  

to a traveling-wave tube (TWT) ampl i f ie r  (No.  11) to r a i s e  the 

information signal to a relatively high level  before  dis t r ibut ion 

via a 64-way power (No.  12) divider  to the 64 high-level m i x e r s  

(NO.  13) for this one channel of the sys t em.  

The output of the band-pass  f i l t e r  is then directed 

If final r-f 
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. -  
anlpl i f iers  were  available, the final r-f mixing would not have 

to be done at  a high level and the T W T  ampl i f ie rs  could be 

e liniinated. 

At the high-level mixe r s  (No.  13) the t ransmit t ing pilot i s  

mixed with the information signal and the upper sideband i s  

selected by the diplexer (No. 14). 

duced at a t ransmit t ing element  with a phase angle that has the 

opposite sense  as the phase angle of the t ransmit t ing pilot a t  the 

corresponding receiving element.  

ting a r r a y s  a r e  scaled in wavelength; these conditions a r e  

necessa ry  to t r ansmi t  the information f rom the antenna sys t em 

in the direction of the t r ansmi t  pilot. 

An information signal is pro-  

The receiving and t r ansmi t -  

2.1.4 Signal Frequencies  Throughout the Sys tem 

The s ignal  f requencies  f o r  the two channels a r e  l isted in 

Table  2-1. 

Table 2-1 .  Signal frequen- 
c ies  Llroughout trle sy3 - 
tern. 

~~~~ ~_____ 

Up-link informat ion  s igna l  

Receiving pilot 

Transmitt ing pilot 

F i r s t  loca l  osc i l la tor  

F i r s t  in format ion  i-f 

F i r s t  receiving pilot i - f  

F i r s t  t ransmi t t ing  pilot i - f  

F i r s t  pilot local osc i l la tor  

Second receiving pilot i-f 

Second t ransmi t t ing  pilot i-f 

Second pilot local osc i l la tor  

Third receiving pilot i-f 

Third t ransmi t t ing  pilot I - f  

Second information i-f  

Up- conve r t e  r loca l  osc i l la tor  

Up-converted information signa 

Down-link information signal 

Channel A 
Frequencies 

7825-7950 

7999 

8001 

8625 

675-800 

626 

624 

613 

13 

11 

197 

210 

208 

465-590 

7507 

6917-7042 

7125-7250 

Channel B 
Fr e quenc ie ! 

W H z )  

8050-8175 

8003 

7997 

8625 

450-575 

622 

628 

613 

9 

15 

197 

206 

212 

244-369 

. 7507 

7 138-7263 

7350-7475 
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2.2 ALTERNATIVE APPROACHES 

The chief fac tors  governing the selection of the integrated 

design of F igu re  2 - 1  w e r e  weight and p c k a g i n g ,  cos t  wzs also 

a n  important consideration, although i t  affected the decis ion to 

a l e s s e r  deg ree .  

2.2.1 Weight and Packaging Considerations 

Ea r ly  in  the design phase it appeared that the two sys t ems  

w e r e  comparable  in  performance.  

designs w e r e  made  to provide an accura te  picture  of the feasi-  

bility of packaging e i ther  s y s t e m  and to obtain valid weight 

es t imates .  Equivalent packaging techniques w e r e  used. Both 

sys tems were  significantly higher in weight than the design goal 

of 110 pounds. 

pounds compared with a 250-pound e s t ima te  for the dual  sys t em.  

Since i t  is assumed that the des ign  of the engineering model  

should be such that no m a j o r  changes would be required in flight 

models that might be subsequently produced, weight is  a ve ry  

important factor  i n  present  considerat ions.  F u r t h e r  work  on 

the package layout and techniques during the development of the 

engineering model  should resu l t  in some weight reduction in  

either case .  

only b e  approached with the integrated sys t em.  

Detailed layouts of both 

The integrated s y s t e m  was  es t imated  a t  175 

However, i t  was  felt that that des ign  goal could 

The dual  sys t em resu l t s  in an  ex t r eme ly  difficult packag- 

ing problem because of the duplication of microwave  components 

in  the front end of the unit. Coaxial  cab les  mus t  be run f rom 

two 64-way power dividers  to 128 m i x e r s  and f r o m  the m i x e r s  

to preamplif iers .  

microwave components and the location of connectors  on them 

add to the sever i ty  of the problem of achieving a feasible layout. 

In the front end o f  the integrated sys t em it is only n e c e s s a r y  to 

Limitations on the shape fac tor  of the 
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feed one se t  of iiiisers f r o m  one 64-way power d iv ider .  

number of coaxial cables required is reduced by 192. In addition, 

the input filter fo r  each element  is a single pass-band f i l t e r  which 

lends itself m o r e  readi ly  t o  the straight line physical  design 

necessa ry  f o r  mounting behind the antenna elements .  

The 
b 

The problem of feeding two se t s  of mixers from two 

64-way power dividers  and tieing pa i rs  of m i x e r s  to d ip lexers  

i s  encountered in the integrated design as wel l  as in the dua l  

sys t em since the outputs of both sys tems a re  essent ia l ly  the 

same. However, it  is felt that the per formance  of components 

in the front end m o r e  cr i t ical ly  affects overa l l  s y s t e m  p e r -  

formance S O  that the front  end package should be kept a s  s imple  

a s  possible in  c a s e  the components finally selected differ  f r o m  

those present ly  contemplated. The s impler  f ront  end package 

also great ly  facil i tates assembly  of the unit just  because of the 

reduced number of interconnections that mus t  be  made.  

Fabricat ion cos t s  of the dual sys t em a r e  higher ,  mainly 

because of the duplication of high pr iced microwave components 

i n  the front end. 

component vendors  indicated higher pr ices  fo r  these components 

than originally anticipated. 

of the ex t ra  complexity of the dual sys t em was  small enough to 

be offset by the high cos t  of the wide-band preampl i f ie rs  needed 

in the integrated approach. 

the preampl i f ie rs  could be achieved without resor t ing  to expen- 

s ive  t r ans i s to r s ;  the 2N3570, for example,  cos t s  $100 each  in  

l a r g e  quantities and each  of the 64 preampl i f ie rs  would need at  

l e a s t  eight. 

band and lower frequency preamplif iers  in a n  e lement  of the dua l  

sys t em,  which could be designed with 99-cent t r ans i s to r s .  

However,  fur ther  study has  not only increased  confidence in the 

Recent budgetary es t imates  f r o m  microwave 

Initially it w a s  thought that  the cos t  

It was not cer ta in  a t  that  t ime that 

This expense i s  contrasted with the two nar row-  
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feasibility of the wide-band preamplifier but a l so  indicated that 

a less  costly t rans is tor  such  a s  the TIXM101 a t  $12.65 could be 

used.  

Thus,  higher microwave component pr ices  and a lower 

t rans is tor  pr ice  have amounted to a cos t  advantage of approx-  

imately $ 2 0 , 0 0 0  for  the integrated sys tem,  counting just  the 

front  end components alone. 

accrued f rom the  s impler  fabrication and assembly  effort 

due to the lowerrd cal l l ing requirew-ents ~f thc integrated 

system. 

F u r t h e r  cost  advantages could be 

2.2.2 Cr i t ica l  Components 

Front  end performance of the integrated sys t em i s  slightly 

However, lower than that of the alternative dual-channel design. 

the difference i s  not se r ious  enough to over r ide  the weight and 

packaging fac tors .  

i - f  noise figure due to the higher frequency that mus t  be used.  

The upper edge of the pass-band i s  ra i sed  by a factor of 2.5. 

It i s  imperative to use m o r e  expensive lower-noise t r ans i s to r s  

just  to achieve the higher frequency of operation; the noise 

figure degradation in the preampl i f ie r  is limited to 2 db. 

noise figures of t rans is tor ized  amplif iers  general ly  degrade  

about 2 d b  pe r  octave a s  frequency of operation i s  ra ised until 

the t rans is tor  cut-off frequency i s  approached.  

The lower performance resu l t s  f r o m  a lower 

The 

F o r  the integrated sys t em,  a high-pass  f i l t e r  is used to 

re ject  frequencies below a cer ta in  value, fo  - A f ,  and to pass  

frequencies f rom f F o r  the dual  

sys tem a diplexer i s  used and consis ts  of two band-pass  f i l t e r s .  

The f i r s t  re ject  frequencies below ( f  - Af), pas ses  f requencies  

f r o m  f to (f  t 150 MHz), and r e j ec t s  freqiiencics above 

(f  t 150 MHz). The second f i l t e r  has  s i m i l a r  cha rac t e r i s t i c s  

to 400  MHz beyond that point. 
0 

0 

0 0 

0 
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but i s  shifted up in frequency by 200 MHz and has  sk i r t s  which 

a r e  not so s teep.  

I t  tu rns  out that the rejection cha rac t e r i s t i c  a t  f - 4 f  is 

difficult to obtain fo r  both the diplexer  and the band-pass f i l ter ,  

and the wide pass-band of the high-pass f i l ter  is difficult to 

obtain without loss.  

for  both sys tems.  

Thus about equal inser t ion loss  i s  obtained 

At the present ,  interdigital  a i r l ine  f i l ters  a r e  being con- 

s idered  for  this application because of their  sma l l  s ize  and 

weight. 

type of f i l ter  assumed for  both the high-pass and diplexer  

designs; an  0.8 db higher received signal-to-noise is achievable 

with the dual system. 

integrated system. 

Per formance  comparisons have been made with this 

A 19.3 db S/N i s  obtained with the present  

(See Section 3 .  ) 

Recent communication from a vendor has indicated the 

possibil i ty of a coaxial  f i l ter  meeting the limited c r o s s -  

sectional a r e a  allotted to the input f i l ter  a t  the expense of 

additional length. 

c ross -sec t ion ;  i t  i s  limited by the antenna element spacing 

which i s  firmly fixed by the antenna design. 

promises  a much lower inser t ion loss  than the interdigi ta l  f i l ter ,  

a s  low a s  0.5 db compared with the 1.8 db expected with in te r -  

digi ta l  f i l t e rs .  Waveguide f i l ters  a r e  a lso being studied to 

de te rmine  if a design could be evolved to fit into the space 

allotted.  

be made by other  techniques than the interdigital  ones. 

made  up of two f i l t e rs  which must be run back f r o m  the antenna 

physically in  paral le l .  

twice that of a s t ra ight  single f i l ter  in any case.  

is f a i r  to compare the performance of the integrated sys tem i f  

a lower- loss  f i l t e r  i s  available with that of the dual  sys t em with 

The cr i t i ca l  dimension of the f i l t e r  i s  the 

The coaxial  f i l ter  

It does not appear  that the dual-system diplexer  could 

It i s  

The c ross -sec t iona l  a r e a  i s  a t  l eas t  

Therefore ,  i t  
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i t s  relatively lossy  interdigital  diplexer .  

i s  actually achievable without s ac r i f i ce  of the rejection requi re -  

ments ,  the performance advantage of the dual  sys t em i s  e l imin-  

ated.  However, a t  present ,  the 1.8 db inser t ion lo s s  specifica- 

tion i s  being kept in  the sys t em design until higher confidence in 

the claims of low loss  in the coaxial  f i l t e r  i s  gained. 

If 0.5 db inser t ion loss  

2.2.3 Design Risks 

m r  
I ne d u a l  system provides 2 sim-Flrr basic design with 

fewer r isks  despite i t s  higher complexity. However, this study 

indicated that the wide-band design i s  indeed feasible.  Octave- 

band t rans is tor  amplif iers  for  frequencies as  high a s  1000 MHz 

have been found, and the studies have shown that s e v e r a l  t ran-  

s i s to r  types can do the job. 

Another design r i sk  is the phase tracking of the mixe r s  

over  such a wide i - f  bandwidth. 

uncovered in this a r ea .  However, i t  is not expected that the 

problem would be much different i f  the dual  sys t em with a 

bandwidth reduction of two were  adopted instead.  

Not much work  has been 

The mos t  ser ious disadvantage of the integrated sys t em 

i s  in t e r m s  of reliability. 

complete redundancy since the two channels can be made com-  

pletely independent f r o m  input diplexer  to output diplexer .  

Although the lower frequency local osc i l la tors  w e r e  shown a s  

common sources  in the design (to save weight), they could 

easi ly  be separated.  In the integrated sys t em,  a fai lure  of the 

local oscil lator will el iminate both channels.  

fa i lure  in the repetitive c i rcu i t ry  i s  not s o  se r ious ,  even if i t  

affects both channels,  s ince the f a i lu re  of an element  only 

degrades sys t em performance.  In the common c i rcu i t ry ,  the 

two systems differ only functionally in  that the dual  sys t em uses  

The dual  sys t em offers  a lmost  

A component 
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sepa ra t e  local  osci l la tors .  However, in a flight sys tem,  

redundant osc i l la tors  will  be used in  the integrated sys t em to 

achieve independence of the two channels. If redundant loca l  

osc i l la tors  were  used in the front end with the means  for  fa i lure  

detection and switching then available,  the two sys tems would 

be comparable  in reliability. 

the f i r s t  few stages of the power divider  so that a fa i lure  cannot 

knock out a l l  the elements.  

I t  w i l l  a l so  be necessa ry  to design 

The integrated sys tem w a s  selected chiefly because of the 

weight problem and the lower manufacturing cost .  

probable that the disadvantages of this design can be c i r c w n -  

vented in  e i ther  the engineering model o r  in subsequent flight 

designs . 

It s e e m s  

2.3 ATTITUDE READOUT CONSIDERATIONS 

F o r  attitude information f r o m  the satell i te to be unam- 

biguous, the angle of incidence of two pilots f rom two different 

ground s ta t ions must  be known. 

have this information for  a l l  four pilots. 

used to de te rmine  the attitude of the spacecraf t ,  the sys t em wil l  

have a redundancy that wi l l  greatly inc rease  reliabil i ty of the 

att i tude determinat ion and will allow operation with two of the 

att i tude read-out  c i rcu i t s  without loss  of this capability fo r  the 

sys tem.  In addition, the redundancy provides a means of 

checking the operation of the pilots of the two ea r th  s ta t ions 

that a r e  to receive information via  the satell i te.  

The engineering model wil l  

Since any pa i r  can  be 

The signals fo r  the attitude read-out a r e  der ived f r o m  two 

pa i r s  of adjacent elements which lie in  orthogonal planes at  the 

cen te r  of the a r r a y  (Figure 2-3).  One pa i r  of e lements  wil l  l ie 

on the X-axis and the other pair on the Y-axis, as shown in 

F igu re  2-4. 
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- i- 450 GNTEN::A ELEMENT n - l  

v , 
ADJACENT ELEMENTS 

I 

4 I 
SINE OF PHASE PHASE 

ANGLE READ -OUT - - 
DETECTOR DETECTOR I ON X O R Y A X I S  

COSINE OF 
ANGLE READ -OUT 2-WAY 

POWER 
DIVIDER 

gNTENNA ELEMENT n- 2 

Figure  2-3. Attitude read-out block d iagram.  

X ,ARRAY I 

Figure 2-4. Arrangement  of elemen 
f o r  attitude read-out.  

3 and angles de te rmined  

Signals for  the angle read-out a r e  d i rec ted  f r o m  the final 

pilot i - f  amplif iers  to the att i tude read-out  phase de tec tors .  

Since the element spacing wil l  be on the o r d e r  of two wave- 

lengths, the output f r o m  each  phase de tec tor  wil l  change by 

360 degrees  when a pilot position changes by 30 d e g r e e s ;  
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therefore ,  unique specification of an angle requi res  quadrature  

phase de tec tors  for  each angle. 

The output voltages f rom these  de tec tors  provide fo r  a 

single angle a s  shown in Figure 2-4, and normalized to unity 

magnitude, a r e  cos (Kd cos €Ii) and s in  (Kd cos  ei). If 0.  v a r i e s  
1 

by 30 degrees ,  the  maximum element separat ion which can be 

used with this type of angle read-out is d = 1.9315T. F o r  this 

value, the normalized output voltages f rom one of the quadrature  

phase de tec tors  become cos (3.8631~ cos €Ii) and 

s in  (3.863s cos ('3;). These voltages a r e  plotted a s  a function of 
* 

ei f r o m  ei = 75O to €Ii = 1 0 5 O  in F igure  2-5. 

I- 3 

I- 
3 0 

a 

I .o 

0.e 

0.6 

0.4 

0 .2  

0 

-0 .2  

- 0.4 

-0.6 

- 0.8 

-1.0 
74 78 e2 E6 9 0  94 9e I02 - el DEGREES 

Figure  2-5. Attitude read-out voltage for  angle ei. 
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The design objective for  the accuracy of the attitude 

read-out i s  *0.5 degree .  

relative phase of the electronics  cannot vary m o r e  than 

*5 degrees .  

but the attitude read-out could be calibrated to account for  them 

a f t e r  the sys tem had been fabricated.  

Achieving this value means that the 

The effects of mutual coupling have been ignored, 

2.4 DYNAMIC RANGE 

Because of var ious f ac to r s  which affect the power density 

of the signals received by the satell i te,  the communications 

sys tem must  have some dynamic range. However, i t  is  a l so  

des i rab le  that the signal levels into the high-level mixe r s  be 

maintained a t  a constant level  to rea l ize  the most  efficient f r e -  

quency conversion and to e l iminate  the necessi ty  of making the 

mixers  t r ack  over  a dynamic range. Also,  s imi la r ly ,  the 

receiving pilot signal levels should be maintained a t  a constant 

level  to real ize  the optimum noise f igure and conversion 

efficiency for  the wide-band mixe r s .  

a t  a constant level, the final pilot i - f  ampl i f ie rs  a r e  limiting 

amplif iers  and the wide-band information i - f  ampl i f ie rs  incorpo- 

r a t e  an automatic gain control (AGC) loop. 

To maintain these signals 

Severa l  factors  influence the dynamic range of the sys tem:  

1. Difference of path loss  f r o m  maximum dis tance to 

minimum dis tance on e a r t h  = 1.3 db 

2. Rain attenuation 2 0.2 d b  

3 .  Element  factor  fall-off = 3 db  

4. Miscellaneous losses  = 1.5 d b  

5. Additional margin = 2 d b  

The nominal values f o r  signal levels ,  given for  this 

sys tem in Section 3 .2  a r e  f o r  min imum element  gain and 
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maximum dis tance to the ear th ;  therefore  difference in path loss 

and element factor  fall-off w i l l  increase  the signal level above 

the values given while miscellaneous lo s ses  and rain attenuation 

wil l  d e c r e a s e  it. 

i nc rease  by 6.3 db and dec rease  by 3.7  db f r o m  the nominal 

values given. 

rang e capability . 

Thus the signal level a t  the satel l i te  can 

The sys tem wil l  be designed with this dynamic 
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3.0 SIGNAL AND NOISE LEVELS 

The s i g n a l  levels f o r  the engineering model  w e r e  

determined on the basis  of the required signal-to-noise ra t io  of 

the signal to be t ransmit ted from the sys t em and on a reason-  

able t r ansmi t t e r  power and antenna s i ze  for  the ground station. 

F o r  a 15-foot parabolic antenna with a t r ansmi t t e r  power 

(information band) of 40 dbw for  a ground station, the power 

received at a satel l i te  i n  synchronous orbi t  is - 11 5.5 dbw 

(isotropic).  

level will give a signal-to-noise ra t io  of 19.34 db for  the 

information signals at the output of the wide-band i - f  

am pl i f  i e r ( 9 ) ':: . 

In the design of the sys t em this  received power 

To prevent degradation of the information signals when 

they are mixed with the pilot signals,  the signal-to-noise ra t ios  

of the pilot signals mus t  be reasonably high; yet the power of 

the pilot signal should be smal l  compared with the total power 

t ransmit ted f r o m  the ground. Because of these requi rements  

the bandwidth of the pilot channels was made  reasonablynarrow.  

The noise bandwidth of the pilot channels is 150 KHz which is 

the minimum practical  bandwidth obtainable without resor t ing  to  

v e r y  expensive c rys ta l  f i l ters .  

The effective radiated power (ERP)  is the maximum 

which is prac t ica l  to  achieve without the use  of final r-f ampli-  

f i e r s  fo r  each  element  which a r e  present ly  beyond the s ta te  of 

the art. E R P  fo r  this sys tem i s  25 dbw. 

.a, +'.Numbers i n  parenthesis  refer  to the block d iagram of 
F igu res  2-1 o r  5-1. 
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3.1 SIGNAL AND NOISE CALCULATIONS 

1. Noise level  a t  output of high-pass f i l ter  = KTB 

2. Noise ievel  at output of wide-band mixer  = KTB + 1 db  

= 1.259 KTB 

3. Noise level  at output of wide-band preamplif ier  

= (1.259 KTB) G t G (F -1 )  KTB 

= GKTB (1.259 t 5-1) 

= G K T B  (5.259) 

= KTB t 30 db t 7.2 db = KTB t 37.2 db 

Because of the 30-db gain of the i - f  Preamplif ier ,  the 

signal-to-noise level of the pilot channels is  de t e r -  

mined by the signal-to-noise ra t io  at the output of the 

preamplif ier  based on a 150 KHz bandwidth. 

pilot s ignal  level at the satel l i te  is  -125.5 dbw, which 

requi res  a pilot t r ansmi t t e r  power of 30 dbw using 

the 15-foot reflector.  

The 

4. Noise level of the pilot s ignals  a t  the preampl i f ie r  

output based on 150 KHz noise  bandwidth 

= KTB t 37.2 db  

= -204  dbw t 5.1.76 db  t 3.7.2 db 

= -115.04 dbw 

5. Pilot signal level at p reampl i f ie r  output 

= - 125.5 dbw t 11.6 db - 1.8 db  - 8 db  t 30 db 

= -93.7 dbw 

6. Signal-to-noise ra t io  of pilot s ignals  

= 115.04 db - 93.7 db = 21.34 db 

7. Noise leve l  of information s ignals  at the preampl i f ie r  

output based on 150 MHz noise  bandwidth 

= -85.04 dbw 
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i - -  8. 

9. 

10. 

11. 

12. 

Information signal leve l  at preamplif ier  output 
= -83.7 dbw 

Signal-to-noise ratio of information s ignal  at p re -  

amplifier output based on 150 MHz bandwidth 

= 1.34 db 

Noise level  at output of 64-input s u m m e r  

= -85.04 dbw - 1 db - 8 db - 1 db = -95.04 dbw 

Signal level  at output of 64-input s u m m e r  

= -83.7 dbw - 1 db - 8 db t 17 db = -75.7 dbw 

Signal-to-noise ratio a t  64-input s u m m e r  output 

= 95.04 db - 75.7 db = 19.34 db 

These calculations determine the signal to  noise ratio for  

the information signal up to  the high-level mixer .  At the high- 

level  mixe r ,  the signal-to-noise ra t io  of the information signal 

is 19.34 db and the signal-to-noise ra t io  of the pilot which 

s e r v e s  as the local oscil lator is 21.34 db. I t  can be shown 

that  the signal-to-noise r a t i o  at the output of the high-level 

mixe r  is given by the expression 

F o r  the case  at hand, this expression yields a signal-to-noise 

ra t io  at the output of the high level  mixe r  of 17.0 db. 

The signal-to-noise ratio of the radiated s ignal  is higher than 

17.0 db because of the incoherent addition of noise in  the f a r  field. 

In the far field the signal-to-noise ratio would be 19.3 db. 
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3.2 SUMMARY TABLE 

All signal levels component gains and signal-to-noise 

ra t ios  a r e  i is ted in Table 3-1 and a re  included in the block 

d iagram of the sys t em (Figure  2-1).  

P a r a m e t e r  

Info r m a t i o n Sign a1 

Received signal level 
(isotropic ) 

Receiving antenna element 
gain 

High-pas s filter 

First mixer 

Wide-band i - f  preamplifier 

Signal at preamplif ier  output 

T riplexer 

Wide-band mixe r  

6 4 -Input summe r 

Signal at output of 64-input 
summer  

Wide -band i - f  amplifier 

Up - c onve r t e r 

Band-pass fi l ter  

Traveling-wave tube (TWT) 
amplifier 

Signal a t  TWT output 

64-way power divider 

High-level mixe r  

Signal 
Levels  
(dbw) 

- 115.5 

-8 

-75.7 

10.6 

Component 
Gain 
(db) 

11.6 

- 1.8 

-8 

30 

-1 

-8 

17 

58.3 

- 10 

- 2  

t 4 0  

-20  

-11.5 

Sign a1 - to  
Nois e 

Latio s (db) 

1. 

19.34 

19.34 

Table 3-1. Summary  of s ignal  and noise  levels .  
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P a r  m e t e r  

Signal output of high-level 
m i x e r  

Transmit t ing diplexer 

Signal level  a t  t ransmit t ing 
element  

Transmit t ing element  gain 

Number of e lements  
squared (64)2 

Effective radiated power (N2gp) 

Pilot  Signals 

Received signal level  ( isotropic] 

Receiving antenna element gain 

High-pass f i l t e r  

First mixe r  

Wide -band i - f preamplif ier  

Signal at preamplif ier  output 

T r iplexe r 

First pilot mixe r  

12-M Hz pilot i - f  amplifier 

Quadraplexer 

Signal at quadr aplexer output 

Second pilot m i x e r  

Receiving pilot i - f  amplifier 

Transmit t ing pilot i - f  amplifie: 

Signal a t  receiving pilot i - f  
output 
Signal at t ransmit t ing pilot 
i - f  output 

Signal 
Levels  
(dbw) 

- 20.9 

- 22.7 

25 

'125.5 

-93.7 

-43.2 

- 27 

-6.7 

- ..omponent 
Gain 
(db) 

- 1.8 

11.6 

36.1 

11.6 

- 1.8 

-8  

30 

-1 

14 

40 

-2.5 

-3.5 

19.7 

40 

Signal- to  
Noise 

i a t io  s (db) 

17.0 

19.3 

21.34 

2 - 3  

21.34 

Table  3-1 (continued). Summary of signal and noise levels.  
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4.0 ANTENNA ELEMENT A N D  A R R A Y  DESIGN 

l -  

4.1 ELEMENT CONSIDERATIONS 

The a r r a ) -  initially considered for  this sys t em was an 8 -by-  

8 planar a r r a y  with uniform interelement spacing. 

of an a r r a y ,  with each element connected to an  independent 

matched generator  o r  load, the total gain in  the beam-pointing 

direction i s  N t imes  the effective gain, g, of a typical element. 

Where g is measured  in  the presence of a l l  other e lements  ter-  

minated in matched loads and the number of e lements  is N and is 

assumed to be sufficiently la rge  s o  that  mos t  e lements  s ee  s imi -  

la r environments.  

F o r  this type 

Each  e lement  radiates  1/N of the total  power P. Therefore ,  

the available power pe r  element,  p, i s  

P - a p =- N 
and the effective radiated power ( E R P )  is 

(4- 1) 

(4 - 2) 
L E R P  = P G = N gp a 

The required coverage region i s  a cone of half angle 15 

degrees .  The element  factor  must  cover  this region. To sup- 

p r e s s  grating lobes for  the scanned beams,  the element  factor 

mus t  a l so  be sma l l  outside this region. I t  was therefore  assumed 

that the element  factor 3 db points fall  a t  *15 degrees .  

e lement  pat tern is assumed to be essent ia l ly  that of a uniformly 

illuminated segment  of the aper ture ,  i ts  pat tern has the fo rm 

If the 

sin(!+ sin e) 
- kL s i n  e 

2 
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where k i s  the f r e e  space propagation constant, L is  the edge 

length of the element  a r e a ,  and e is the angle off broadside in  

the  pr inc ipa l  p l a n e .  

3 db f rom i t s  maximum value. 

The a r e a  gain is  then approximately 

At 8 = eo = 150, th i s  p a t t e r n  m-i-i.st be down 

This requi res  that L/X be 1.714. 

2 L - - ~ T T ( s ; )  = 36.9 
ga (4-3) 

To account for l o s ses  due to spacing, coupling, and o ther  fac tors ,  

i t  was a s sumed  that ac tua l  e lement  gain i s  1 db l e s s  s o  that g = 

29.2 a t  broadside and is half that value a t  15  degrees  f r o m  broad-  

s ide i n  the principal plane, gain = 11.6 db. 

The gain was given by 

= (64) (29.2) o r  32.8 db max G 

= (64) (14.6) o r  29.8 db min G 
(4-4) 

These values for  e lement  and a r r a y  gain w e r e  used  during 

the system design. 

Because of the periodic s t ruc tu re  of a n  8-by-8 planar  a r r a y  

and the la rge  interelement  spacing requi red  to rea l ize  the des i r ed  

gain, grating lobes exist .  The e lement  factor  m u s t  fall off 

sharply,  about 3 db, a t  the edge of the coverage angle,  to sup- 

p r e s s  these lobes. 

des i rab le  to have the e lements  a r r a n g e d  i n  a nonuniform fashion 

which would avoid the periodic s t ruc tu re  inherent  i n  a n  8-by-8 

a r r a y .  If the grating lobes can be avoided in the a r r ay  fac tor ,  

the element factor may be broadened somewhat  which will reduce 

the peak gain of the a r r a y  but will  not d e c r e a s e  the minimum 

gain for  t h e  beam scanned *15 d e g r e e s  f r o m  broadside.  

To el iminate  the gating lobes,  i t  would be 

A detailed consideration was given to the pre l iminary  

design of a 64-element,  c i rcu lar ly  polar ized antenna which is 

capable of scanning a 30-degree cone. To achieve high g a i n  for 
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. 
this antenna, the radiation pat tern of each  element  should be 

sufficiently d i rec t ive ,  and consequently the separa t ion  between 

the elements  must  be la rge  enough, so that the effective ape r tu re  

a r e a s  of the elements  do not overlap. The direct ivi ty  of each  

element  is l imited by the scanning requirement.  

ment  factor  is of the fo rm 

The ideal  e l e -  

that  (1) the antenna gain remains  essent ia l ly  constant a s  the beam 

scans  off broadside and (2) the power radiated in  the undesired 

regions i s  minimized. 

Of the var ious a r r a y  elements,  such a s  horns,  a r r a y  of 

c ros s - s lo t s ,  and hel ices ,  helices seemed to be the most  suitable 

a s  the basic  radiating elements.  Because of the l a r g e  separat ion 

between elements  and the d e s i r e  for  no grating lobes,  the usual 

uniform spacing of the elements  must be avoided. A promising 

approach i s  to a r r ange  the elements in concentric c i r c l e s  

(F igure  4-1) with every  element  approximately the same distance 

f r o m  i t s  neighbors. 

in this c i rcu lar  a r r a y  is about 2-1/4 wavelengths. 

The average separat ion between elements  

Calculations were  made for the radiation pa t te rns  of the 

c i r cu la r  a r r a y  shown in F igure  4-1 for  var ious scan  angles - 
with and without the assumed element factor  (F igure  4-2). 
r e su l t s  of those calculations a r e  presented in  F igure  4-3. 

radiation pat tern of an  8-by-8 uniformly spaced (2 -1 /4  wave- 

lengths) a r r a y  is given in Figure 4-4 for  comparison. 

The 

The 

4.2 ANTENNA GAIN S TA TIS TICS 

Because of e r r o r s  in  phase and amplitude for  each of the 

64 e lements ,  the average antenna gain will be reduced, and 

random deviations can be expected. The f i r s t  s tep  in  analyzing 
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.e--*-*. 

Figure 4- 1 .  Arrangement  of 
e lements  of 64- 
element  c i rcu-  
l a r ly  polar ized 
a r r a y .  

0 

-15 
0 10 20 30 40 50 

e. degrees 

Figure  4- 2. Assumed element  
factor  of c i r cu la r  
a r r a y .  
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Figure 4 - 3 .  Calculated radiation patterns for circular array 
for various scan angles with and without element 
factor. 
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Figure 4-4. Radiation pat tern of 
8-by-8 planar  a r r a y  
at a 15-degree scan 
angle with element  
fac tor  included and 
an interelement  
spacing of 2.2 5 A .  

such a n  effect i s  t o  calculate the s ta t i s t ics  of antenna gain 

assuming independent phase and amplitude e r r o r s  at each  element.  

(The independent amplitude e r r o r  assumption i s  poor because of 

the usual definition of antenna gain. However, the difference will 

be discussed la te r .  ) 

the ratio of the power density at broadside in  the actual a r r a y  to  

the power density at broadside in the e r r o r - f r e e  a r r a y .  

F o r  this  model  the gain will be defined by 

F r o m  a derivation s temming f r o m  probabili ty theory* the 

average power gain of an e r r o r - p r o n e  antenna can be found to be 

::cJ. E. Howard, "System Pe r fo rmance ,  ' I  Section 5, 
Traveling-Wave Phase  Shi f te r -Phase  11, (Cont rac t  
( A F  30(62)-3532), F . A .  T e r r i o  and W .  H. Kummer ,  eds .  ; 
Hughes Aircraf t  Company, Report  No .  P66-62 ,  Culver  
City, California, Feb rua ry  1966. 
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1 +  (4- 5)  

where - 
P(B0, $o) = expected power density a t  broadside 

P(O ,$ ) = the e r r o r - f r e e  power density at broadside 

u6 = the rms phase e r r o r  for  the signals 
0 0 0  

a t  the elements 

0; = the rms amplitude e r r o r  for the signals 

a t  the elements 

N = the number of e lements  

f .  = the excitation coefficient of the i th element.  
1 

F o r  a 64-element uniformly i l luminated a r r ay ,  t he re  r e su l t s  

where u is the rms e r r o r  in gain. It is now obvious that, G 
unless  uE 2 << u 4, 

6 

The probability distribution of the random gain variabil i ty may  be 

approximated by a X distribution. However fo r  a high number 

( v  >30) degrees  of freedom, the X 

normal  distribution. And, at  any ra te ,  the normal  distribution 

2 

2 distribution approaches a 
,- 
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percentage points will yield m o r e  conservative answers  to the 

gain s ta t is t ics  questions. 

The gain s ta t i s t ics  a r e  descr ibed Si; 

P r o b  Gain > E  - ncG]  = Pn (4- 8 )  

F o r  the normal  distribution, 

P la0  = 84.1 percent  

Pzs0 = 97.7 percent  

P2.3 = 99.0 percent  

P2,6 = 99.5 percent  

where the subscr ip t  indicates  the mult ipl ier  for the s tandard  

deviation. 

Fo r  determination of the gain and phase to le rances  to be 

imposed upon the electronics  for this sys tem,  it is des i rab le  to 

have a gain degradation a s  sma l l  a s  is reasonable  with a high con- 

fidence level. The gain degradation which will be allowed for  this 

sys t em i s  l e s s  than 1 / 2  db with a 99 percent  confidence. 

The 99 percent  gain level  is  given by 

1 - 0- 6 - 2 . 3 ( 2 )  

F o r  a total  gain degradation l e s s  than 1 / 2  db f r o m  the no- 

e r r o r  gain (with 99  percent  confidence) t he re  is r equ i r ed  

This  requirement  means  that  any of the following combinations of 

r m s  e r r o r s  would be permiss ib le :  
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5O, 

O6 = loo,  

U6 = 15O, 

CT€ = 0.192 (1.7 db) 

U€ = 0.139 (1.2 db) 

uE = 0.0695 (0.6 db) 

% 

06 = 19O, D E =  0 

These r e su l t s  assume that the main beam peak leve ls  for  

independent e r r o r s  direct ly  descr ibe antenna gain. However, a s  

used  he re ,  t r u e  antenna gain must  be defined in t e r m s  of a con- 

s tant  input power to the antenna. 

the main  beam peak levels  will descr ibe the antenna gain when 

e r r o r s  a r e  assumed that  a r e  cor re la ted  s o  that total  power 

input is constant. 

antenna gain var ia t ions so  that l a r g e r  e r r o r s  than those quoted 

previously a r e  permiss ib le .  

the s ta ted phase and amplitude e r r o r  specification for  . \e  sys-  

tem electronics  s e e m  conservative.  

So, in t e r m s  of this definition, 

This  special  type of cor re la t ion  r e s t r i c t s  the 

In view of these considerations,  
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5.0 ANTENNA SYSTEM ELECTRONICS 

The components of the antenna sys t em may  be classif ied 

into two distinct categories:  the microwave components which 

operate  in the frequency range of 7 to 8 GHz and the i-f c i r cu i t ry  

that opera tes  a t  frequencies below 800 MHz. 

A l l  the microwave components appear  to be technically 

feasible  a s  present ly  specified in this repor t .  

f ac to r s  in the microwave a r e a  relate  to the phase-tracking 

requirements .  The input filter which has  conflicting r equ i r e -  

ments  of low los s ,  sha rp  attenuation, and sma l l  s i ze  m a y  a l so  

be n e a r  the l imit  of p resent  designs. 

State-of-the a r t  

Since al l  the i - f  c i r cu i t ry  wi l l  be designed in-house,  the 

specifications of the var ious blocks are not presented i n  a s  

much detail  a s  those for the microwave components. 

the study effort  relating to  the i - f  has been devoted to ascer ta in-  

ing the feasibil i ty and possible configuration of the wide-band 

preampl i f ie rs  and the t r ip lexer  fi l ter  for  channel splitting. 

wide -band preamplif ier  utilizing high-frequency t r a n s i s t o r s  a t  

a reasonable  cos t  with the noise f igure specified wil l  push the 

s ta te  -of - the - ar t .  

Much of 

The 

The descriptions and specifications of components a r e  

made  with re ference  to the block d iagram of the integrated 

s y s t e m  shown in F igure  5-1. Component numbers  r e fe r  to 

corresponding block numbers  on the diagram. 

5.1 HIGH-PASS FILTER (NUMBER 1 )  

5.1.1 

The function of the input high-pass f i l ter  ( see  block No. 1 on 

F igu re  5- 1) i s  to provide rejection of the t ransmit ted signals and 

prevent interference with the receiver .  These signals range f rom 

7.125 t o  7.475 GHz. The f i l t e r  pass-band of 7.825 to 8.175 GHz 
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must  encompass the two received information channels , of 

125  MHz bandwidth each, and the four pilot signals received 

f rom the var ious  grour-d stations. There is  a separa te  f i i t e r  

connected to each  of the 64 antenna elements ,  and each filter 

provides an output to one of the 64 low-level first mixe r s .  

5.1.2 

Design considerations include s i z e  and package configura- 

tion that  will  allow d i r ec t  mounting and connection to the antenna 

element and shor t  connection length to  the mixer .  

fac tors  a r e  low inser t ion lo s s  v e r s u s  high reject ion of the 

t ransmi t ted  signal. 

t r ansmi t t e r  re ject ion i s  due to the present ly  unknown mutual  

coupling factor  between t ransmit t ing and receiving antenna 

elements.  

lished. A mixer  dynamic range also needs to be establ ished 

m o r e  carefully.  

if the reject ion charac te r i s t ic  could be relaxed to reduce the 

inser t ion l o s s  factor  which i n c r e a s e s  r ece ive r  performance.  

Trade-off 

A difficulty in  determining an opt imum 

To be sa ie ,  a 60 db reject ion factor  has  been es tab-  

Fur the r  study will  be n e c e s s a r y  to de te rmine  

S t r ip  t ransmiss ion  l ine construct ion,  which is l e s s  expen- 

s ive and l ighter in weight, was  ruled out by its high inser t ion  

l o s s  which would be on the o r d e r  of 4 to 5 db. 

construction gives the des i red  e l ec t r i ca l  cha rac t e r i s t i c s  , but 

the size and weight a r e  excessive.  

cylinder designs appear to m e e t  the space  requi rements .  

Reasonable specifications f r o m  a s y s t e m  aspec t  can be es tab-  

l ished for  an interdigital  f i l ter .  

required which r e su l t s  in  a somewhat undes i rab le  inser t ion  l o s s  

factor  of 1.8 db. A coaxial design has  been offered that  appears  

to provide bet ter  inser t ion lo s s  with only a small i n c r e a s e  in  

Waveguide 

Interdigi ta l  and coaxial  

A 5 o r  6-sect ion f i l t e r  is 
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s ize  and weight. However, technical details  of this design have 

not been evaluated; thus the re  is insufficient confidence in the 

device to r ev i se  the specifications at this time. 

5.1.3 Specifications 

5.1.3.1 Pass Band: 7.825 to  8.175 GC; 350 MHz o r  g r e a t e r  

bandwidth. 

5.1.3.2 Inser t ion Loss in P a s s  Band: 1.8 db maximum re-  

quired,  0.5 db desired.  

5.1.3.3 Phase  Shift in P a s s  Band: minimized. 

5.1.3.4 Reject  Band: 7.125 to 7.475 GC. 

5.1.3.5 Attenuation in re jec t  band: 60  db minimum. 

5.1.3.6 Phase Tracking E r r o r  between units:  i 5  degrees  

maximum. 

5.2 FIRST MIXER (NUMBER 2) 

5.2.1 

One input mixer (No. 2 in F igu re  5-1) is used  for each 

receiving antenna element. 

the high-pass f i l t e r  is converted to  an i - f  signal with a f re-  

quency range of 450 to 800 MHz. 

of 8.625 GHz i s  used. 

phase  tracking, low conversion loss, and low noise. 

The complete received signal f rom 

A local osci l la tor  f requency 

The m i x e r s  m u s t  provide good relat ive 

5.2.2 

The mixer will be a diode balanced mixe r  providing a 

single-ended i - f  output. At present,  both cavity m i x e r s  and 

strip t ransmiss ion  l ine mixers a re  being considered. 

l a t t e r  design, offered by a microwave component vendor,  appears  

to  have too high a conversion loss t o  be feasible:  however, the 

The 
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technique o f f e r s  the at t ract ive possibil i ty of a design integrated 

with a s t r i p  t r ansmiss ion  l ine local  osci l la tor  power divider. 

This apprezch is being explored at the present  time. 

P rob lems  involving the mixers include phase tracking, 

proper terminat ion of the mixe r  por t s  to suppress  the image 

signal generated within the m i x e r ,  and the possibil i ty of ex- 

cessively high conversion l o s s  resul t ing f r o m  the wide-band 

and high i - f  output requirements .  

5.2.3 Specifications 

5.2.3.1 R - F  Signal Input: 7.825 to 8.175 GHz, -125.5 dbw pilot 

and - 11 5.5 dbw information signals.  

5.2.3.2 Local Oscil lator Input: 8.625 GHz, 4 mw nominal,  

5 mw maximum required.  

5.2.3.3 Mixer Output to  i - f  amplif ier :  450 to 800 MHz. 

5.2.3.4 VSWR at  input: <1.6:1. 

5.2.3.5 Phase  Tracking E r r o r b e t w e e n  units:  *4O maximum. 

5.2.3.6 Conversion Loss ,  Lc, m e a s u r e d  f r o m  r-f input to i - f  

output of mixe r :  L = 8 db maximum,  L variat ion 
C C 

between uni ts  f 1 db. 

5.2.3.7 Noise F igure :  9 db maximum,  based on i - f  amplif ier  

noise f igure of 1.5 db (single side-band 

noise  f igure) .  

5.3 64-WA.Y POWER DIVIDER (NUMBER 3) 

5.3.1 

The local osci l la tor  s ignals  fo r  the first mixers a r e  

supplied f r o m  the outputs of a 64-way power divider  (No. 3). 

The power divider spl i ts  the energy  f r o m  a 8.625 GHz loca l  
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osci l la tor  (No. 4) equally in  such  a manner  a s  to maintain equal 

phase shift of the output signals.  

5.3.2 

Severa l  ways of implementing the power dividers  a r e  under  

consideration: (1) four sepa ra t e  16-way power divider assemb- 

lies dr iven by a four-way power divider,  (2)  a single 64-way 

design, o r  (3) a combined mixer and power divider design. 

Assembly s i z e  and configuration, phase t racking e r r o r  between 

outputs, power division e r r o r ,  and isolation between outputs 

a r e  important.  

divider combined with a hybrid output c i rcu i t  fo r  isolation be- 

tween outputs is present ly  planned. The power divider wi l l  be 

mounted in the electronic  processing assembly c lose  to the 

mixe r s .  

The u s e  of a s t r i p  t r ansmiss ion  l ine power 

5.3.3 Specifications 

5.3.3.1 Operating Frequency: 8.625 GHz. 

5.3.3.2 Inser t ion Loss: 20 db maximum, measu red  between 

input and each output separa te ly  (If 

the device w e r e  lo s s l e s s ,  a power ra t io  

of 18 db  would be present) .  

5.3.3.3 Power Level Input: -4  dbw nominal. 

5.3.3.4 Power Division E r r o r :  *0.5 db maximum. 

5.3.3.5 Relative Phase  Tracking: *Z0 maximum, m e a s u r e d  

between outputs. 

5.3.3.6 Isolation between outputs: > 20 db. 

45 



5.4 MICROWAVE LOCAL OSCILLATORS (NUMBER 4) 

5.4.1 

Two microwave local osc i l la tors  a r e  used  in  the system. 

The f i r s t  local  osci l la tor ,  a t  a frequency of 8.625 GHz, pro-  

vides the r e fe rence  signal to convert  the received signal to 

i - f  for amplification and processing. The up-converter  local  

osci l la tor ,  at 7.507 GHz, provides the re ference  fo r  conver-  

sic?_n_ of t he  processed i - f  s ignal back up to  microwave frequency 

fo r  fur ther  amplification, process ing ,  and t ransmiss ion .  

5.4.2 

To save on cost  in the p re sen t  prototype, sol id-s ta te  local  

osci l la tor  units a r e  not provided as in tegra l  pa r t s  of the system. 

These components a r e  readi ly  available and the substi tution of 

l e s s  expensive osc i l la tors  wil l  not a l t e r  the per formance  of the 

system. Mechanical layouts include the allocation of space  f o r  

solid-state local osci l la tors  which could be added at  a l a t e r  date.  

The type of osci l la tor  under  present  considerat ion is a 

klystron to be stabil ized by the u s e  of an osci l la tor  synchronizer  

such a s  the Dymec 2650A. Osci l la tor  tubes,  synchronizers ,  and 

power supplies a r e  to be rack-mounted remote ly  located f r o m  

the electronic processing assembly.  

5.4.3 Specifications - F i r s t  Local  Osci l la tor  

5.4.3.1 Operating Frequency:  8.625 GHz. 

5.4.3.2 Output Power: 400 mw nominal.  

5.4.3.3 Stability: Long t e r m  1/ 10 p e r  week 6 
8 Short  t e r m  1 /10  averaged over  one second. 

8 

, 5.4.4 Specifications - Second Local  Osci l la tor  

5.4.4.1 Operating Frequency:  7.507 GHz. 

46 



5.4.4.2 Output Power:  100 mw nominal. 

5.4.4.3 Stability: Long t e r m  1/  10 pe r  week 6 

8 Short term 1/10 averaged over  one second. 

5.5 WIDE-BAND PREAMPLIFIER AND TRIPLEXER (NUMBER 5) 

5.5.1 

Sixty-four preampl i f ie rs  and t r ip l exe r s  are used  in the 

s y s t e m  to amplify and dis t r ibute  the i - f  output s ignals  f r o m  the 

first mixers. 

ce ive r  noise  figure. 

plif ier s epa ra t e s  the received signal into th ree  components:  

two information channels and a pilot channel that  includes all 

four pilots. 

l i shes  the rece iver  bandwidth for  each  of these two channels. 

Sufficient gain is provided to es tabl ish the re-  

A t r ip lexer  at the output of each p r e a m -  

the 

The fi l tering for  the information channels es tab-  

5.5.2 

The preamplifiers will  be individually packaged and mounted 

integral ly  with the front  end m i x e r s  (No. 2). It is expected that  

eight cascaded s tages  using TlXM101 t r ans i s to r s  (or  the equi- 

valent)  and the s t r i p  t ransmiss ion  l ine techniques will  be  the 

design approach. The problems involved will be difficulty of 

gain and phase t racking over  an octave bandwidth. 

The t r ip l exe r s  will  be composed of a three-sect ion low- 

p a s s  f i l t e r ,  a two-pole Butterworth band-pass f i l t e r ,  and a 

three-sect ion high-pass filter. 

pilot processing unit  modules. 

as those of the preamplif iers .  

They will be integrated with the 

The problem a r e a s  are the s a m e  

5 . 5 . 3  Specifications -Preampl i f ie rs  

5.5.3.1 Bandwidth: 450 MHz - 800 MHz ( 1  db bandwidth) 

5.5.3.2 Gain: 30 d b  f 1 d b  over the pass-band 
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5.5.3.3 Phase  Tracking: * 6 O  over  the 1-db pass-band 

5.5.3.4 N o i s e  F igure :  7 db maximum 

5.5.3.5 Input Impedance - Output impedance: 50S2 

5.5.3.6 V S W R <  1. 5 : l  a t  input and output 

5.5.4 Specifications - Tr ip lexe r s  

5.5.4.1 Low-pass F i l t e r  

Inser t ion Loss :  

Phase  Tracking: -+5O over  pass-band 

Rejection: 

Pass-band:  400 - 575 MHz 

1 d h  m ~ x i r L ~ r l  over  pass-band 

30 db a t  622 MHz 

5.5.4.2 Band-pass F i l t e r  

Inser t ion Loss:  

Phase  Tracking: *5O over  pass-band 

Rejection: 

Pass-band: 620 to  630 MHz 

1 db maximum over  pass-band 

60 db  a t  575 MHz and 675 MHz 

5.5.4.3 High-pass F i l t e r  

Inser t ion Loss:  

Phase  Tracking: *5 over  pass-band 

Pass-band:  675 to  800 MHz 

1 db max imumover  pass-band 
0 

5.6 PILOT PROCESSING (NUMBER 6)  

The four pilot s ignals  f r o m  the cen t r a l  band-pass filter of 

the t r ip lexer  (No. 5)  a r e  converted to  a lower  intermediate  fre- 

quency in the f i rs t  pilot mixer (No.6A) amplified i n  a n  i-f 

amplif ier  (No.6B)  separated into individual s igna ls  by a quadru- 

plexer (No. 6B) and up-converted (No.  6C) to a n  appropriate  f re-  

quency to provide r e fe rence  s ignals  to the wide-band mixers 
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. 
and high-level mixers. 

No. 6: 
(These components a r e  all included as 

Pi lot  Process ing  on Figure 5-1. ) 

5.6.1 F i r s t  Pi lot  Frequency Conversion (No. 6A) 

The first pilot frequency conversion c i rcu i t s  cons is t  of a 

613-MHz local osci l la tor ,  a 64-way power divider,  and 64 mixer 

circui ts .  

pilot signals a t  9,  11, 13, and 15 MHz, respectively.  
The output signal f rom the mixer cons is t s  of the four 

The  osci l la tor  will be composed of a fifth overtone c rys t a l  

osci l la tor  at 102.167 MHz, a buffer amplif ier  driving a t r ans -  

i s to r  doubler,  and a d r ive r  amplifier at 204.334 MHz driving a 

t r a n s i s t o r  t r i p l e r  using a 2N4012 over lay  device. 

divider will be  constructed with quarter-wave coaxial  t r a n s -  

f o r m e r s ,  utilizing a 4-way divider as a basic  building block. 

The m i x e r s  will be common t r ans i s to r  m i x e r s  with a conver-  

s ion gain. 

The  power 

These  c i rcu i t s  will be operating at a d i sc re t e  frequency 

and should not present  any difficulties. 

5.6.1.1 Specifications - Oscillator 

Center  Frequency:  

Output Power :  

Spurious Noise:  - 4 0  db  

61 3 MHz f 600 Hz 

t 2 5  dbm i 2  dbm 

5.6.1.2 Specifications - 64-way Power Divider 

Isolation: 

Distribution Loss:  25 db maximum 

Output Coherency: *2O maximum spread  

Output Impedance: 50Q 

Output Power:  

30 db minimum at 613 MHz 

0 dbm f 0.5 d b  

5.6.1.3 Specifications - Mixer  

Signal Input: 622 MHz to 628 MHz at -67  dbm 
Input impedance = 50Q 
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Local Oscil lator Input: 613 MHz at 0 dbm 

Input impedance = 50R 
Cofiversion Gain: 14 db f 1 db  

Signal Output: 8 -  12  MHz 

Output impedance = 50R 

5.6.2 12-MHz Pilot  I -F  Amplifier and Quadruplexer (No .  - -  6B) - __ - ._ - - . - . . 

The composi te  s igna l  of the four pile! s igna l s  iroimiiie f i r s t  

pilot mixer ( N o .  6A) is  amplified and fed to a quadruplexer ,  in  

which the pilots a r e  separated.  The quadruplexer es tabl ishes  the 
bandwidth of each  of the four pilot channels and r a i s e s  the pilot 

signal-to-noise ra t io  to a 21-db level. 

The frequency of the 1- f  amplif ier  is somewhat flexible 

since the pilot signals a r e  eventually up-converted in frequency. 

The  factors  affecting selection of the frequency a r e  a sufficiently 

wide bandwidth to cover  a l l  the pilots and a low enoughcenter  f re -  

quency to  facil i tate the design of the narrow-band quadruplexer  

f i l ters .  

8 MHz i-f bandwidth and f i l t e r s  with 150 KHz  noise  bandwidths. 

The choice of cen ter  f requency of 12 MHz pe rmi t s  an 

The  i - f  amplifier will  cons is t  of t h ree  wide-band t r a n s -  

i s t o r  s tages  o r  a single monolithic video amplifier.  The quad- 

ruplexer will  be composed of four 2-pole But terworth f i l t e r s  in  

parallel. 

ra ted  so  that interaction a t  the input should not p re sen t  a dif-  

f icu l t  problem in the design. 

The frequencies  of the f i l t e r s  a r e  sufficiently sepa-  

5.6.2.1 Specifications - I -F  Amplif iers  

Gain: 40 d b  f 1 db 

3-db Band-pass:  8 MHz to 16 MHz 

Input Impedance: 50 R 
Output Impedance: matched to  Quadruplexer  
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5.6.2.2 Specifications - Quadruplexer 

Center  Frequency: 9 MHz, 11 MHz, 13 MHz, 15 MHz 

Inser t ion Loss: -2 .5  db  at  f 

Rejection: 

Input Impedance: matched to i - f  amplifier 

Output Impedance: 50 52 

0 
32 db at f o  f 75 KHz 

5.6.3 Second Pilot  Freauencv Conversion (No. 6 C )  

The separa ted  pilot signals are converted up in f re-  

quency i n  the second pilot mixer  to  provide re ference  s ignals  

fo r  phasing the input information signal and for  phasing the 

output signal in each  of the elements.  

e lement  are  provided the local osci l la tor  signal by means  of a 

4-way power divider located in the i - f  module. 

dividers  receive their  inputs f rom a 64-way power divider which 

in turn is driven by a 197 MHz source.  

The four  m i x e r s  in each 

The 4-way 

5.6.3.1 Specifications - Local Oscil lator 

Center  Frequency: 

Power Output: 

Spurious Noise: -40 db  

197 MHz f 197 Hz 

32 dbm * 2  dbm 

5.6.3.2 Specifications - 64-way Power Divider 

Isolation: 30 db minimum at  197 MHz 

Distribution LOSS: 25 db maximum 

Output Coherency: *2O maximum sp read  

Output Impedance: 50 R 

5.6.3.3 Specifications - Up-converters 

197 MHz at 0 dbm *0.5 db Local Oscil lator Input: 

Signal Input: 9, 11, 13, 15 MHz a t  - 13 dbm 

Conversion Loss: - 3 .  5 db * 0. 5 db  

Input Impedance: 50 L-2 

Output Impedance: matched to  second i-f inputs 

Local  Osci l la tor  rejection: 30 db at 1-f output 

Other  sidebands: 30 db  rejection at 1-f output 
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5.6.4 Pi lot  I-F Amplif iers  (Na.  6D) 

The outputs of the second pilot m i x e r s  (No. 6C) a r e  

arxii;?ifiec! ii; four separa te  pilot I-f aniplifiers (Nu. 6D)  to a 

level  required by the wide-band mixers in the case  of the re- 

ceiving pilots and to a higher level  needed by the high-level 

mixe r s  in  the case  of the t ransmit t ing pilots. 

Phase  shifting c i rcu i t ry  will  be incorporated into these  

amplifiers to align the phase shif t  of the individual e lements  so  

that  the antenna sys t em gain m a y  be maximized. 

Buffered outputs of the four pilot signals a r e  available on 

external  connectors fo r  u se  as  t e s t  points i n  adjustment of the 

interelement  phase shifts.  

a r e  used a s  re ference  signals in  the attitude read-out  c i rcu i t s .  

However, the r e s t  of the elements  will  re ta in  the buffer c i rcu i t s  

to provide t e s t  points. 

The outputs of two pa i r s  of e lements  

The t ransmit t ing pilot ampl i f ie rs  will  cons is t  of a 

limiting stage,  a d r ive r  and phase shift s tage,  and a C las s  C 

power amplifier.  The receiving pilot amplif iers  will  consis t  

of a buffer and phase shift stage and a l imiting amplif ier  stage.  

No  problems a r e  expected. 

5.6.4.1 Specifications - Transmit t ing Pi lot  Amplifier 

Input Impedance: As requi red  

Output Impedance: 50 52 

Output Power:  

Gain: 

Selectivity: -25 db at  f k8.5 MHz 

23.3 dbm *0.2 db 

40 db kO.2 db at cen te r  frequency 

0 

5.6.4.2 Specifications - Receiving Pi lo t  Amplif ier  

Input Impedance: As requi red  

Output Impedance: 50 52 

Output Power:  3 dbm A O . 2  db 
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Gain: 

Selectivity: 

19.7 *0.2 db a t  center  f requency 

-25 db at f o  i 8 . 5  MHz 

5.6.4.3 Specifications - Phase  Ci rcu i t ry  

Phase  shift  *45 degrees  trim adjustment fo r  both 

types of amplif iers  

5.7 WIDE-BAND M I X E R S  (NUMBER 7) 

5.7.1 

The wide-band m i x e r s  (No. 7)  rece ive  the separa ted  

information s ignals  f r o m  the high-pass and low-pass outputs 

of the t r i p l exe r s  (No. 5). 

a re  cancelled at this  point by mixing with the receiving pilot 

signal. 

phase with those of the corresponding m i x e r s  in the other  

e lements .  

P h a s e  tracking and insertion loss a r e  expected t o  be difficult 

problems.  Special  diodes such as hot c a r r i e r  diodes m a y  be 

r e qu i re d. 

The  relative phases  between elements  

The m i x e r  output in each information channel is now in 

The 128 requi red  m i x e r s  will  u s e  balanced diodes. 

5.7.2 Specific ations 

5.7.2.1 Input Impedance: As required 

5.7.2.2 Output Impedance: 50 S2 

5.7.2.3 Conversion Loss: -8 db 

5.7.2.4 Local Oscil lator Power:  3 dbm *0.2 db 

5.7.2.5 Signal: -55 dbm * 5 db 
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5.8 64-INPUT SUMMER (NUMBER 8 )  

5.8.1 

The wide-band mixer outputs (No. 7 )  f r o m  the e lements  of 

each  channel feed  a 64-input s u m m e r  to rea l ize  the receiving 

antenna gain and r a i s e  the signal-to-noise ra t io  by a factor  of 

18 db. 

5.8.2 

The design approach for  the 64-input s u m m e r s  wil l  be 

similar to that used with the i - f  64-way dividers ;  that  i s ,  

summing networks to minimize inser t ion  l o s s  and provide 20-db 

isolation. Some difficulty is expected s ince the por t s  m u s t  t r a c k  

over a 125-MHz bandwidth in o r d e r  to minimize  delay distortion. 

5.8.3 Specifications 

5.8.2.1 Inser t ion Loss: 1 db maximum 

5.8.2.2 Phase  Tracking: f 2 O  

5.8.2.3 Input Impedance: 50Q 

5.8.2.4 Output Impedance: 50 Q 

5.9 I-F AMPLIFIER (NUMBER 9) 

5.9.1 

Two wide-band i - f  s t r i p s  a r e  required.  The i r  function is  

to amplify the respect ive information channel s ignals  a f t e r  the 

a r r a y  gain has  been realized. 

5.9.2 

The basic design of the wide-band i-f ampl i f ie rs  will  be 

s imi la r  to that  of the preampl i f ie rs ;  TlXM101 t r a n s i s t o r s  (or  

the equivalent) can be used. It is expected that nine s tages  wil l  

56 



be requi red  for the 244-369 band and 14 s tages  fo r  the 465-590 

band. The high gain requirement  will  p resent  some problems,  

but s ince each amplifier is a one of a kind i tem,  the difficulty of 

repeatability with minimum parts  is reduced. 

5.9.3 Specific ations 

5.9.3.1 Pass-band: 244 to 369 MHz 

465 to 590 MHz 

5.9.3.2 Input Power:  -45. 7 dbm t 6. 3 db - 3. 7 db  

5.9.3.3 Input Impedance: 50 SL 

5.9.3.4 Output Power:  t13.  7 dbm f . 5 db with AGC 

5.9.3.5 Gain: 58.3 db f 1 db over  the pass-band 

5.9.3.6 Output Impedance: 50 S2 

5.10 UP-CONVERTERS, BAND-PASS FILTER, TWO-WAY 
POWER DIVIDER (NUMBER 10) 

5.10.1 

After the Channel A information is amplified in  the wide- 

band, 465 to 590 MHz, i-f amplifier,  it is sent  through an up- 

conver te r  with an output of 6.917 to  7.042 GHz. 

Channel B information amplified in  the wide-band, 244 to 

369 MHz, i-f amplifier is  sent  through an up-converter with an 

output of 7.138 to  7.263 GHz. A single local  oscil lator at 7.507 

GHz is used  with a two-way power divider to supply both up- 

converters .  The output of each up-converter is connected to a 

band-pass f i l t e r  which passes  the des i red  information band and 

r e j ec t s  the image  frequency band and local osci l la tor  frequency. 

Similar ly ,  the 
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5.10.2 

Crys t a l  diode up-conver te rs  are to be used. The local  

oscii lator power requi red  is es t imated  at -14.4 dbm which is  

3 db higher than the input i - f  power level. A local osci l la tor  

power level  of 100 mw should be adequate. 

The band-pass f i l t e rs  will  be of interdigital  o r  coaxial 

cylinder construction. 

5.10.3 Specifications - Up-converter ,  Channel A 

5.10.3.1 I-F Signal Input: 465 to 590 MHz, -17.4 dbw 

5.10.3.2 Local  Oscil lator Input: 7.507 GHz, -14.4 dbw 

max imum requi red  

5.10.3.3 Up-converter Output: 6.917 to 7.042 GHz 

5.10.3.4 VSWR at input: C1.6:l 

5.10.3.5 Inser t ion Loss m e a s u r e d  f r o m  i - f  input to r-f output: 

10 db maximum 

5.10.4 Specifications - Up-converterJ  Channel B 

5.10.4.1 I-F Signal Input: 244 to 369 MHz, -17.4 dbw 

5.10.4.2 Local Oscil lator Input: 7.507 GHz, -14.4 dbw 

5.10.4.3 Up-converter Output: 7.138 to 7.263 GHz 

5.10.4.4 VSWR at input: <1.6:1 

5.10.4.5 Insertion Loss m e a s u r e d  f r o m i - f  input to r-f output: 

10 db maximum 
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5.10.5 Specifications - Band-pass F i l t e r ,  Channel A 

5.10.5.1 Pass-band:  6.917 to 7.042 GHz 

5.10.5.2 Inser t ion loss  in pass-band: 2 db max imum 

5.10.5.3 Rejection band: 7.442 to 8.097 GHz 

5.10.5.4 Attenuation in rejection band: 30 db  minimum 

5.10.5.5 Attenuation at 6.517 GHz: 30 db minimum 

5.10.6 Specifications - Band-pass F i l t e r ,  Channel B 

5.10.6.1 Pass-band:  7.138 to 7.263 GHz 

5.10.6.2 Insertion Loss  in pass-band: 2 db maximum 

5.10.6.3 Rejection Band: 7.663 to 7.876 GHz 

5.10.6.4 Attenuation in rejection band: 30 db minimum 

5.10.6.5 Attenuation at 6.738 GHz: 30 db minimum 

5.10.6.6 Attenuation at 7.507 GHz: 30 db  minimum 

5.10.7 

5.10.7.1 Operating Frequency: 7.507 GHz 

5.10.7.2 Inser t ion Loss: 3.5 db maximum,  measu red  between 

Specification - Two-way Power Divider 

input and each  output separately 

5.10.7.3 Power Level Input: 100 m w  nominal 

5.10.7.4 Power Division E r r o r :  * 0 . 3  db maximum 

5.10.7.5 Relative Phase  (measured between outputs): 

*2O maximum 

5.10.7.6 VSWR: 1.3 maximum 

5.10.7.7 Isolation between outputs: 20 db minimum 
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5.11 TRAVELING-WAVE TUBE (NUMBER 11) 

5.11.1 

The function of each traveling-wave tube (No. 11) is to 

amplify an information channel after it has  been up-converted 

and fi l tered.  The output dr ives  a 64-way power divider (No. 12). 

5.11.2 

The tubes a r e  to be mounted in  the electronic  processing 

assembly with the high-voltage power supply mounted separa te ly  

on the engineering model.  Precaut ions a r e  requi red  in  avoiding 

noise pickup in  the high-voltage supply leads.  Matching the out- 

put impedance of the tube is v e r y  important  over  the frequency 

range. There  is a possibil i ty tha t  an isolator  m a y  be requi red  

in  the output. The tubes a r e  operated in  the i r  sa tura ted  region 

a s  only frequency modulated s ignals  a r e  used. 

The TWT's  used  fo r  the engineering model  will  be 

essentially off-the-shelf units instead of tubes especial ly  de- 

signed for  space applications. 

will  be quite low. 

tubes is much g rea t e r  and the  u s e  of such a tube does  not con- 

t r ibute  to the demonstrat ion of the  s y s t e m  performance.  

F o r  this r eason  the efficiency 

However, the cos t  of high efficiency space 

5.11.3 Specifications (Each Tube) 

5.11.3.1 Operating Band: 6.917 to 7.263 GHz 

5.11.3.2 Saturated Gain: 40 db min imum 

5.11.3.3 Saturated Power Output: 11.5 wat t s  (o r  10.6 dbw) 

min imum assuming no l o s s  

f r o m  m i s m a t c h  o r  i so la tor .  

5.11.3.5 Power Supply: To include protect ive f e a t u r e s  
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5.12 S I G N A L  POWER DIVIDER (NUMBER 12) 

5.12.1 
- -  

The output of each traveling-wave tube (No. 11) is connected 

to a 64-way power divider (No. 12). 

split into the 64 elements  again and fed to high-level mixers 

(No. 13). 

Each  information channel is 

5.12.2 

The problem i s  s imi l a r  to  the 64-way power dividers  

requi red  for  the local oscil lators.  

range of frequencies involved is such that it may be difficult t o  

u se  the same design for  both channels. 

An added problem is that the 

5.12.3 Specifications - 64-Wav Power Dividers 

5.12.3.1 Operating Frequency: 6.917 to 7.263 G H z  

or 

Two Designs: Channel A, 6.917 to 7.042 G H z  

Channel B, 7.138 to 7.263 G H z  

5.12.3.2 Inser t ion Loss: 20-db maximum, measu red  between 

input and each output separa te ly  

5.12.3.3 Power Level Input: +10.6 dbw nominal 

5.12.3.4 Power Division E r r o r :  * 0.5 db maximum 

5.12.3.5 Relative Phase  Tracking: *to maximum measured  

between outputs 

5.12.3.6 Isolation between outputs: >20 db 
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5.13 HIGH-LEVEL MIXERS (NUMBER 13) 

5.13.1 

Sixty-four high-level m i x e r s  a r e  used  for  each information 

t r ansmi t  channel. 

the signal by mixing it with the t ransmit t ing pilot signals.  

output of each mixe r  is applied to a diplexer input. 

The proper  phase information is applied to  

The 

5; 13.2 

Design considerations include supplying about equal o r  

g rea t e r  local  osci l la tor  power than the signal to  the c r y s t a l  diode 

mixer  which h a s  an  r-f  input of -9 .4  dbw. The physical s i ze  and 

ar rangement  has  to  be compatible with the sixty-four way power 

dividers  and diplexers .  A total  of 192 connections i s  required.  

5.13.3 Specifications - Channel A 

5.13.3.1 R - F  Input Range: 6.917 to 7.042 GHz, -9.4 dbw 

5.13.3.2 Local Osci l la tor  Input: 208 MHz, -6.7 dbw maximum 

5.13.3.3 Output: 7.125 to 7.250 GHz 

5.13.3.4 VSWR at  input: <1.6:1 

5.13.3.5 Conversion Loss :  11.5 db m e a s u r e d  f r o m  r-f  input to 

r - f  output 

5.13.4 SDecifications - Channel B 

5.13.4.1 R - F  Input Range: 7.138 to 7.263 GHz, -9.4 dbw 

5.13.4.2 Local Oscil lator Input: 212 MHz, -6.7 dbw maximum 

5.13.4.3 Output: 7.350 to 7.475 GHz 

5.13.4.4 VSWR at  input: <1.6:1 
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. -  
5.13.4.5 Inser t ion Loss: 11.5 d b  measured  from r-f input t o  

r -f output 

5.14 TRANSMITTING DIPLEXER (NUMBER 14) 

5.14.1 

Sixty-four diplexers  a r e  used to  combine the two t r a n s -  

mit t ing channels, 7.125 to 7.250 GHz and 7.350 to 7.475 GHz, 

f o r  coupling to  the sixty-four t r ansmi t  antenna elements.  

5.14.2 

The diplexer problem is s imi l a r  to  the input filter. Each  

unit is to be mounted fo r  d i rec t  connection to an antenna element. 

Manufacturers consulted indicate that it is possible  to  meet 

1.8 db maximum inser t ion lo s s  i n  an interdigi ta l  design and 

between 1 and 1.5 db  maximum insertion l o s s  in a coaxial  design. 

5.14.3 Specifications 

5.14.3.1 Pass-band Channel A: 7.125 to 7.250 GHz 

Channel B: 7.350 to 7.475 GHz 

5.14.3.2 Inser t ion  Loss in p a s s  bands: 1.8 db max imum 

5.14.3.3 Power Level: 10 mw 

5.14.3.4 Cross-over  frequency: 7.300 GHz, 60  db  minimum 

isolation between channels 
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5.15 ATTITUDE READ-OUT (NUMBER 15) 

5.15.1 

Two attitude read-out c i rcu i t s  (No. 15) a r e  requi red  for  

each t ransmit t ing and receiving pilot. 

respec t  to  the x-axis and one with r e spec t  to the y-axis.  

One read-out  angle with 

- .  

5.15.2 

The phase of two adjacent e lements  on the x-axis  w i l lbe  

compared in quadrature  phase de tec tors  n e c e s s a r y  to determine 

angle and sign. 

expected problem a reas .  

Eight of these c i rcu i t s  wil l  be requi red  with no 

5.15.2 Specifications 

Input Impedance: a s  r equ i r ed  

Output Impedance: 10 K 

Input Power : 0 dbm f 0.1 db 

5.16 POWER REQUIREMENTS 

Power requi rements  w e r e  es t imated  for  each sub-unit with 

the exception of the microwave loca l  osc i l la tors  and a r e  p re -  

sented in  Table 5-1. 
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Unit 

~ ~~ 

Wide -band i - f preamplif ier  

First pilot local osci l la tor  

First pilot mixe r  

Second pilot i - f  ampl i f ie r  

Second pilot lo ca  1 o s  ci lla to r 

Second pilot mixer (up-converter)  

Thi rd  pilot i - f  amplif ier  

Transmit t ing pilot 

Receiving pilot 

Wide -band i - f amplifie r s 

Attitude Read - out 

Transmi t t ing  pilots 

Receiving pilots 

Travel ing -wave tube 

Power  
(watts)  

0.4 

0.6 

0.07 

0.2 

3 . 3  

0.07 

0.4 

0.14 

0.6 

0 

0.14 

100.0 

Quantity 

~~ 

64 

1 

64 

64 

1 

25 6 

128 

128 

2 

4 

2 

Total  
P o w e r  
(watts)  

25.6 

0.6 

4.5 

12.8 

3 . 3  

17.9 

- 

5 1.2 

17.9 

1.2 

0.6 

200 

Total  3 3 5 . 6  
~ ~~ ~~ 

Table 5- 1. Power requi rements .  
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6.0 ELECTRONICS PACKAGING AND STRUCTURE 

The sys t em chosen for the engineering model allows for  

d i scre te  functional devices that a r e  real izable  in the sho r t  devel- 

opment t ime allowed. 

units -i-f e lec t ronics ,  transmitt ing antenna, and receiving antenna- 

which allows for var ia t ions i n  the overal l  shape factor  and for  

possible reduction in weight. This  flexibility is n e c e s s a r y  since 

final satel l i te  shape fac tors  a r e  not known. The f o r m  fac to r s  of 

the three  basic  units can also be easily changed to  allow for  spe- 

cial  space allotments i f  required.  

p resent  i s  175 pounds which is considered a maximum with a 

design goal of 11  0 pounds, exclusive of the power supplies and 

solid- state X-band local osci l la tors .  

The sys t em is separated into three  basic 

The sys t em weight at the 

6.1 LAYOUTS FOR PACKAGING 

Detailed prel iminary layouts of the integrated engineering 

sys t em configuration were  made to determine the feasibil i ty of 

packaging it in a workable unit and to  es tabl ish m o r e  accurate  

weight and volume es t imates .  

in F igu res  6-1 through 6-5. 

2 by 4 by 3 feet. 

distributed differently than shown in the layouts to v a r y  the shape 

of the sys t em as des i red .  

Sketches of the layouts a r e  shown 

The s ize  of the sys t em is about 

The boxes housing the i - f  e lec t ronics  m a y  be 

The alternative dual- channel sys t em configuration i s  shown 

in a side view in F igure  6-6 fo r  comparison. 

6.2 WEIGHT ESTIMATES 

The es t imated  weight of the engineering model i s  175 pounds. 

This figure does not include the weight of microwave local oscil-  

l a tors ,  the traveling-wave tube power supplies, o r  the sys t em 
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power supplies. 

in this study would have weighed an es t imated  250 pounds ( see  

Section 2.1.1). 

The alternative configuration that  was considered 

The weight breakdown of the var ious units of the integrated 

sys tem is shown in  Table 6-1, with the differential  weights of the 

alternative sys t em detailed in Table 6-2.  

6.3 CONSTRUCTION TECHNIQUES 

6.3.1 I-f Module 

In construction of the 32 i - f  modules requi red  for  the engi- 

neering model e lectronics  unit (F igure  6- l ) ,  bas ic  pr inted 

circui t  boards will be used. The boards  will contain all  the i-f 

circui ts  except the wide-band i - f  p reampl i f ie rs  and the non- 

repeti t ive c i rcu i t s .  

which will then be dip-soldered. 

which consis ts  of 0.010 copper-flashed aluminum, will then be 

affixed to the printed boards.  

c i rcui ts  will be made with coaxial cables .  

All other p a r t s  will be  mounted on the boards  

The egg c ra t e  for  shielding, 

Inter  connections between functional 

Two completed, basic ,  pr inted c i rcu i t  boards  will be jigged 

with a 1/32-inch copper-clad epoxy board  separa t ing  them and 

foamed in  place. 

a copper- o r  s i lver-f lashed aluminum investment  casting and 

soldered in place.  The remaining work  wi l l  be to i n s e r t  the co-  

axial  connectors and the power connectors  into the cast ing,  make 

the appropriate connections, and at tach the l ids  in  the receiving 

s lots  in the casting. 

The en t i re  board assembly  will be  in se r t ed  into 

The traveling-wave tubes will be mounted on finned alum- 

inum blocks with a fan circulating a i r .  T h e i r  location would v a r y  

in  a final flight model.  Layout of the m a i n  e lement  r ack  containing 
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613Ynz 
FROM 64-WAY 

POWER DIVIDER 

197 Y H Z  TO 4-WAY 
POWER DIVIDER 

FROM 19TMHz 64-WAY 
POWER DIVIDER 

TRIPLEXER INPUT 
FROM 4 5 0 - 8 0 0  
WIDE-BAMO I-F 

FROM P I P  MHz I-F 
AMPLIFIER TO TRANSMITTING 

ANTENNA MIXER 

FROM 208  MHz I-F 
AMPLIFIER TO TRANSMITTINS 

ANTENNA YIXER 

POWER 
CONVERTER 

---- ---------- 
TO TO TO TO 

I' 
2 1/4 

I 

BOARD NO. I CIRCUIT 

.-.. . .I 
' GROUND PLANE 

TO TO BOAR0 NO. 2 CIRCUIT 
TO 

. 

F i g u r e  6-1 .  I-f module  layout for  i n t e g r a  
engineer ing  model .  
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13 

(DIMENSIONS ARE IN INCHES) FOAM TO BE 3/16 THICK 

CENTER BOARD TO BE 
(2) 1/32 BOARDS 
BACK TO BACK 

TOP CIRCUIT BOARD 1/32 

ed s y s t e m  



TO 64-INPUT SUMYR 

le BOXES ONLY 

TO ATTITUDE 2oo Mv 
READ-OUT 

TO ATTITUDE 2oo Mv 
READ-OUT 

TO 64 -INPUT SUMMER 

-5 
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6ROUND 

CIRCUIT 
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. .  -1 
--------------- 
P A  

FOR HIGH - PASS 
FILTER 

I 

I 

DIMENSIONS IN mcnEs 
114 SCALE 

.EXCERPT SHOWS POSSIBLE CONNECTIONS 
FOR R-F TO UHF HARDWRE 

24 

F i g u r e  6-2.  Receiving an tenna  layout  for  i n t e g r a t e d  
system eng inee r ing  model .  
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24 

AREA I N  DOTTED 
LINES FOR CABLES 
TO MIXERS FROM 
POWER DIVIDERS 

.. 

ONE 4-WAY 
POWER DIVIDER 

TO 64-WAY 
POWER DIVIDER 

TO TRAVELING-WAVE TUBE 

2 64-WAY POWER DIVIMRS, ONE ABOVE THE OTHER 

TO TRAVELING-WAVE TUBE 

ONE 4-WAY 
POWER DIVIDER 1 TO 64-WAY 1 
POWER DIVIDER 

- . . . . . . . .  
. 

. . >  

DASHED LINE 
AREA TO SHOW 
64 DIPLEXERS - - _  

. . .  

- . .- . .  
. .  

. . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

LAYOUT FOR RADIATING ANTENNA ONLY 

c 24  I 

Figure  6- 3. Transmit t ing antenna layout for integrated 
sys t em engineering model. 
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AREA FOR TRAVELING+VETUBES 
AND ASSOCIATED CIRCUITS 

0 0 0 0 0 0  

T- 32 FlACES 

0 0 0 0 0  

19 W 
FRONT VIEW 

BACK VIEW 

Figure  6 -4 .  Main 32-element c i rcui t  r ack  layout showing 
traveling- wave tubes and associated 
c i rcu i t ry  for integrated sys t em 
engineering model. 
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d 
Y P W L Y  
4 PLIPCES 

I /4 

0 
T Y m Y  
6 4  PLACES 

R A D I A W  ANTEM 
(SEE FIGLRE 6-3) 

I 
I 
I 
i 
I 
/ 

I- /  

CABLE TO TRREMRS-  
64-WAY POWER DIVIDERS/ 
AND L X A L  OSULATORS 

RECEIVHG ANTENNA 
(SEE F O R E  6-21 

AREA Fa( 32 BOXES 
CWTAHING 64 E L E K N T S  
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I 

I \  
\ 

\ 

AREA FOR 2 64-WAY POWER 
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E L E M N l  R K M  

AREA FOR LOCAL OSCILLATORS 

AREA FOR ATTITUDE READ-WT 
CIRCUITRY 
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LOCAL 0suumoAs 

(NOT INCUOED m 
E-RHELCOEL) 
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A?.m FOR REMOUU 
OF 32 ELELIENT 
BOXES 

F i g u r e  6- 5. Integrated sys t em side-view layout showing basic 
units with ci rcui t ry ,  cable connections, and 
cable access  ways. 
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Figure  6- 6. Dual- channel a l ternat ive s y s t e m  
configuration layout. 
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the traveling-wave tubes and associated c i r cu i t ry  is indicated in  

Figure 6-4. 

6.3.2 Receiving Antenna Lavout 

The high-pass f i l t e r s  a r e  to  be bolted to the antenna ground- 

plane at a location corresponding to an antenna element so that  the 

element can be screwed direct ly  into the input of the f i l t e r .  

m i x e r s  will be bolted to the high-pass f i l ters ,  and a pig- ta i l  output 

t e rmina l  will be provided for  connections to the preampl i f ie rs .  

This a r rangement  will provide flexibility for any antenna element  

configuration on a flat sur face .  

The 

A lightweight s t ruc tu re  w i l l  be used at the output of the pre-  

amplif iers  t o  provide s t rength and a plane for  i-f and r - f  

connectors.  

p reampl i f ie rs  a t  a location to  minimize cable lengths. 

cables  car ry ing  i - f  signals will connect the receiving antenna to  

the i - f  e lec t ronics  unit. 

The 64-way power divider will be located behind the 

Sixty-four 

Layout of the receiving antenna can be seen  in F igure  6-2. 

6.3.3 Transmit t ing Antenna 

The t r ansmi t t e r  diplexers will be bolted to  the antenna 

ground- plane and their  input connectors will provide the antenna 

e lements  with mounting te rmina ls .  The m i x e r s  will be mounted in  

fou r  rows of thirty-two each on a lightweight s t ruc ture ,  along with 

the two 64-way power dividers required for  the t ransmit t ing a r r a y .  

This  approach r equ i r e s  m o r e  cabling but will conserve space  

needed for  the 130 cables carrying i - f  s ignals  f rom the e lec t ronics  

unit. 

Layout of the t ransmit t ing antenna can be seen in F igu re  6-3. 
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6.3.4 Trade-offs  

Inquiries a r e  being made  with respec t  to integrating the 

microwave c i rcu i t ry  to  reduce weight, volume, and interconnec- 

tions. 

can be integrated, with the high-pass f i l t e r s  and diplexers  left a s  

separa te  units. This a r rangement  m a y  be necessa ry  because the 

high insertion loss  of s t r i p  t ransmiss ion  line f i l t e r s  m a y  degrade 

sys tem performance too much. 

I t  i s  possible that the m i x e r s  and 64-way power dividers  

Unit 

Electronic s 

s t ruc ture  80  0% 

i- f module 28 o z  32 896 o z  

64- input s u m m e r  1 2  0 %  x 2 24 o z  

64- way divider 1 2  o z  x 2 24 o z  

bandpass f i l ter  1.5 o z  x 2 3 o z  

2-way power divider 2 0 %  

mixer  2 0 z x 2  4 0% 

i - f  local osci l la tor  5 0 z x 2  10 0 %  

attitude read-  out 32 o z  

T W T  32 o z  x 2 64 o z  

1139 o z  

Transmit t ing Antenna 

antenna s t ruc ture  and e lements  192 o z  

mixers  

diplexers 

2 o z  x 128 256 o z  

4 o z  x 64 256 o z  

64-way power divider 12 o z  x 2 24 o z  

coaxial cabling 96 o z  

824 o z  
- 

Total 
Weight 
(pounds) 

71.2 

51.5 

Table 6- 1 .  Es t imated  unit weights of engineering model .  
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Unit 

Receiving Antenna 

antenna s t ruc tu re  and elements  192 o z  

high p a s s  f i l t e rs  2 o z  x 64 128 oz 

mixer  s 2 o z x 6 4  128 oz  

12 oz  

wideband i - f  p r eamp  1.5 o z  x 64 96 oz 
coaxial cabling 64 oz 

620 o z  

64- way power divider 

- 

Inte r conne c tion Cables 

power cables  0.75 o z  x 32 24 o z  

t r iax ia l  cables  0.42 oz  x 458 192 o z .  - 
216 o z  

System Weight Total 

Total  
Weight 
(Dounds I 

38.7 

13.5 

174.9 

Table 6- 1 (continued). Es t imated  unit weights 
of engineering model. 
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Added Components 

32 i - f  modules 1.75 lb  each  

64 mixe r s  2 oz each 

64 diplexers 4 oz each 

1 64-way power divider 

I I Weight 
I (pounds) I 

56 

8 

16  

0.75 

64 high-pass f i l t e rs  2 oz each  

64 wide-band preampl i f ie rs  1 .5  oz each 

(included in  1-f modules) 

additional coaxial cables 

8 

6 - 
14 pounds 

4 

88.75 pounds 

Subtracted Components Weight 
(pounds ) 

Net inc rease  in  weight 74.75 pounds 

I Total weight of a l te rna te  sys t em 1250 pounds I 

Table 6-2. Differential weight of a l ternat ive system. 
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